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A B S T R A C T  
D i a m o n d  w i r e  h a s  b e e n  d e v e l o p e d  a s  a  f l e x i b l e  c u t t i n g  t o o l  a n d  i s  u s e d  b y  t h e  
n a t u r a l  s t o n e  i n d u s t r y  f o r  t h e  q u a r r y i n g  o f  b l o c k s  a n d  f o r  s u b s e q u e n t  s q u a r i n g ,  
s l a b b i n g  a n d  s h a p i n g  o p e r a t i o n s  i n  t h e  s t o n e  y a r d .  T h e  p e r f o r m a n c e  o f  d i a m o n d  
w i r e  d e p e n d s  o n  h o w  i t s  b e a d s  w e a r  a n d  t h e  o p t i m u m  l i f e  i s  a c h i e v e d  w h e n  t h e  
d i a m o n d  p a r t i c l e s  a r e  c o n s u m e d  i n  a  d e s i r e d  m a n n e r  f r o m  t h e  p e r i p h e r y  o f  e a c h  
b e a d .  T h i s  t h e s i s  c o v e r s  d i a m o n d  r e l a t e d  a s p e c t s  w h i c h  i n f l u e n c e  t h e  
p e r f o r m a n c e  o f  d i a m o n d  w i r e .  
A n  i n v e s t i g a t i o n  i s  m a d e  o f  t h e  w e a r  o f  d i a m o n d  p a r t i c l e s  i n  t h e  b e a d  m a t r i x  a n d  
a  c o m p a r i s o n  i s  m a d e  w i t h  d i a m o n d  p a r t i c l e  w e a r  f o u n d  i n  o t h e r  d i a m o n d  t o o l s .  
B e a d  m a t r i x  w e a r  p r o g r e s s i o n s  a r e  d e s c r i b e d ,  p e r t a i n i n g  t o  d i a m o n d  w i r e  s a w i n g  
o p e r a t i n g  c o n d i t i o n s .  
A n  e q u a t i o n  o f  c h i p  t h i c k n e s s  i n  r e l a t i o n  t o  t h e  c u t t i n g  a c t i o n  o f  a  d i a m o n d  
s e g m e n t  i s  d e r i v e d  a n d  c h i p  t h i c k n e s s e s  a r e  d e t e r m i n e d  f o r  w i r e  s a w i n g  
o p e r a t i n g  p a r a m e t e r s  u s e d  i n  d i f f e r e n t  s t o n e  t y p e s .  T h e  s a w a b i l i t y  a n d  a b r a s i v i t y  
p r o p e r t i e s  o f  s t o n e  a r e  e v a l u a t e d  a n d  a r e  c o m p a r e d  w i t h  c o r r e s p o n d i n g  r e s u l t s  o f  
d i a m o n d  w i r e  l i f e .  
F o r m u l a e  a r e  d e r i v e d  f o r  t h e  a p p r o x i m a t i o n  o f  t h e  l e n g t h  o f  c u t  a n d  a r e a  s a w n  i n  
q u a r r y i n g  a n d  s t a t i o n a r y  w i r e  s a w i n g  a p p l i c a t i o n s  a n d  f o r  t h e  f o r c e s  a c t i n g  o n  a  
b e a d  o v e r  a  c o n s t a n t  c u t t i n g  r a d i u s .  A  m e t h o d  o f  t e s t i n g  s i n g l e  d i a m o n d  b e a d s  i s  
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u s e d  f o r  c o m p a r a t i v e  a s s e s s m e n t s  o f  d i f f e r e n t  d i a m o n d  g r a d e s  a n d  t h e  e f f e c t s  o f  
a p p l i e d  l o a d ,  c u t t i n g  v e l o c i t y  a n d  c u t t i n g  r a t e  a r e  e x a m i n e d  i n  r e l a t i o n  t o  b e a d  
w e a r .  H i g h  s p e e d  v i d e o  i m a g i n g  i s  u s e d  t o  a n a l y s e  t h e  d y n a m i c s  o f  d i a m o n d  w i r e  
i n  o p e r a t i o n  a n d  t h e  p r o b l e m s  a s s o c i a t e d  w i t h  u n e v e n  b e a d  w e a r .  
T h e  v i e w s  e x p r e s s e d  i n  t h i s  t h e s i s  a r e  e x p l i c i t l y  t h e  a u t h o r ' s  a n d  d o  n o t  n e c e s s a r i l y  r e f l e c t  t h o s e  
o f  a n y  o t h e r  i n d i v i d u a l  o r  o r g a n i s a t i o n .  
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C H A P T E R  1  
A  B A C K G R O U N D  T O  D I A M O N D  W I R E  
1 . 1  E a r l y  d e v e l o p m e n t s  i n  d i a m o n d  t o o l  m a n u f a c t u r e  
T h e  i n c r e a s i n g  s u c c e s s  o f  d i a m o n d  t o o l s  i n  n a t u r a l  s t o n e  a n d  c o n s t r u c t i o n  
a p p l i c a t i o n s  c a n  l a r g e l y  b e  a t t r i b u t e d  t o  t h e  c o n t i n u i n g  d e v e l o p m e n t  o f  d i a m o n d  
a b r a s i v e  p r o d u c t s  a n d  t h e  m e t h o d s  w h i c h  b o n d  d i a m o n d  i n t o  s u i t a b l e  c u t t i n g  t o o l  
e l e m e n t s .  T h e  o r i g i n s  o f  t h i s  t e c h n o l o g y  c a n  b e  t r a c e d  b a c k  t o  1 7 5 1 ,  w h e n  t h e  
d r i l l  b i t  w a s  f i r s t  d e s c r i b e d  b y  D i d e r o t  ( 1  ) ,  f o l l o w e d  b y  H e r m a n n ' s  s u c c e s s f u l  
p a t e n t  a p p l i c a t i o n  i n  1 8 5 4  f o r  v a r i o u s  d e r i v a t i v e s  o f  s i n g l e  p o i n t  d i a m o n d  c u t t i n g  
t o o l s  f o r  s t o n e .  T h e  d i a m o n d  c i r c u l a r  s a w  b l a d e  w a s  l a t e r  d e s i g n e d  b y  F r o m h o l t  
( 1 )  i n  1 8 8 5  a n d  f u r t h e r  d e v e l o p e d  b y  J a c q u i n  ( 2 ) .  
E a r l y  t o o l s  w e r e  m a n u f a c t u r e d  u s i n g  n a t u r a l  d i a m o n d s  o f  p o l y c r y s t a l l i n e  
s t r u c t u r e ,  w h i c h  w e r e  s e t  b y  h a n d  i n  v a r i o u s  c o n f i g u r a t i o n s  o n t o  t h e  c u t t i n g  
e l e m e n t s  o f  t h e  t o o l .  W i t h  n s u i n g  d e v e l o p m e n t ,  c i r c u l a r  s a w  b l a d e s ,  u s e d  i n  t h e  
e a r l y  p a r t  o f  t h i s  c e n t u r y ,  c o n s i s t e d  o f  h a r d e n e d  a n d  t e n s i o n e d  s t e e l  d i s c s  w i t h  
c a s t  s t e e l  s o c k e t s  s e t  a r o u n d  t h e  p e r i p h e r y .  R o u n d e d  d i a m o n d s ,  r e f e r r e d  t o  a s  
c a r b o n a d a  o f  u p  t o  0 , 8  c a r a t s  i n  m a s s ,  w e r e  i n d i v i d u a l l y  h a n d  s e t  i n t o  a  h o l e  i n  
e a c h  s o c k e t  d r i l l e d  j u s t  l a r g e  e n o u g h  t o  a c c e p t  t h e  d i a m o n d .  E a c h  s o c k e t  w a s  
f i r m l y  g r i p p e d  w i t h  a  s e t  o f  c o p p e r  j a w s  t h r o u g h  w h i c h  a n  e l e c t r i c  c u r r e n t  w a s  
p a s s e d  f o r  a  f e w  s e c o n d s  t o  s o f t e n  t h e  s t e e l  a n d  s e c u r e  t h e  d i a m o n d .  N o r m a l l y  
a b o u t  0 ,  7 5  m m  o f  d i a m o n d  p r o t r u d e d  f r o m  t h e  s o c k e t  ( 3 ) .  
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P o o r  t o o l  p e r f o r m a n c e  r e s u l t i n g  f r o m  r a p i d  w e a r  o f  t h e  s o c k e t s  a n d  p r e m a t u r e  
l o s s  o f  t h e  d i a m o n d s  p r o m p t e d  t h e  d e v e l o p m e n t  o f  m e t a l  p o w d e r  m a t r i x  
t e c h n o l o g y  i n  t h e  l a t e  1 9 3 0 ' s  f o r  b o n d i n g  d i a m o n d  t o  t h e  t o o l .  I n d u s t r i a l  g r a d e  
n a t u r a l  d i a m o n d  p a r t i c l e s  t h a t  w e r e  a p p r o p r i a t e l y  s i z e d ,  w e r e  h o m o g e n e o u s l y  
m i x e d  w i t h  p r e d o m i n a n t l y  b r o n z e  b a s e d  p o w d e r s  a n d  c o l d  p r e s s e d  i n t o  t h e  
r e q u i r e d  s e g m e n t  f o r m .  T h e  s e g m e n t s  w e r e  s i n t e r e d  u n d e r  p r e s s u r e  a t  
t e m p e r a t u r e s  d e t e r m i n e d  b y  t h e  m e l t i n g  p o i n t  o f  t h e  m e t a l  p o w d e r ,  n o r m a l l y  i n  a n  
i n e r t  o r  o x y g e n  r e d u c i n g  a t m o s p h e r e  t o  m i n i m i s e  t h e  r i s k  o f  g r a p h i t i s i n g  t h e  
d i a m o n d  ( w h i c h  o c c u r s  a t  t e m p e r a t u r e s  a b o v e  9 0 0  d e g r e e s  C e l s i u s  w i t h  o x y g e n  
p r e s e n t ) .  T h e  s i n t e r e d  s e g m e n t s  w e r e  t h e n  b r a i s e d  o n t o  t h e  s t e e l  b o d y  o f  t h e  
t o o l .  S t u d i e s  o f  s t o n e  c u t t i n g  m e c h a n i s m s  i n d i c a t e d  t h a t  t h e  r e m o v a l  o f  a  s m a l l e r  
v o l u m e  o f  m a t e r i a l  p e r  p a s s  a t  a  f a s t e r  c u t t i n g  r a t e  w a s  m o r e  e f f i c i e n t  a n d  
p r o d u c e d  s u p e r i o r  f i n i s h e s  t h a n  t a k i n g  d e e p  c u t s  ( 4 ) .  
O n c e  i t  w a s  r e a l i s e d  t h a t  d i a m o n d  w a s  j u s t  a n o t h e r  c r y s t a l  f o r m  o f  c a r b o n ,  
v a r i o u s  a t t e m p t s  w e r e  m a d e  t o  c o n v e r t  c a r b o n  i n t o  d i a m o n d .  C l a i m s  o f  s u c c e s s  i n  
d i a m o n d  s y n t h e s i s  i n  t h e  l a t e  1 8 0 0 ' s  a n d  t h e  e a r l y  1 9 0 0 ' s  b y  H a n n a y  ( 5 ) ,  P a r s o n s  
( 6 )  a n d  o t h e r s  w e r e  p r o v e n  f a l s e  b y  d a t a  w h i c h  w e r e  l a t e r  e s t a b l i s h e d .  I n  1 9 3 8  
R o s s i n i  a n d  J e s s u p  ( 7 )  c a l c u l a t e d  t h e  t h e o r e t i c a l  p r e s s u r e - t e m p e r a t u r e  
e q u i l i b r i u m  f o r  t h e  g r a p h i t e - d i a m o n d  t r a n s i t i o n  u p  t o  1 3 0 0  d e g r e e s  C e l s i u s .  
A p p l y i n g  r e s u l t s  o f  m e a s u r e m e n t s  o f  t h e  c o e f f i c i e n t  o f  e x p a n s i o n  o f  d i a m o n d ,  
B e r m a n  a n d  S i m o n  ( 8 )  f o u n d  t h a t  a  l i n e a r  e x t r a p o l a t i o n  a b o v e  1 2 0 0  K e l v i n ,  a s  
s h o w n  i n  F i g u r e  1 . 1 ,  w o u l d  b e s t  m e e t  t h e  c o n d i t i o n s  f o r  t h e  f o r m a t i o n  o f  d i a m o n d .  
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F i g u r e  1 . 1  
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T e m p e r a t u r e  ( ° K )  
P r e s s u r e  t e m p e r a t u r e  d i a g r a m  o f  t h e  d i a m o n d  g r a p h i t e  e q u i l i b r i u m  ( 8 )  
L e i p u n s k i i  ( 9 )  a r g u e d  t h a t  t h e  f o r m a t i o n  o f  d i a m o n d  f r o m  g r a p h i t e  i n  t h e  s o l i d  
s t a t e  w o u l d  t a k e  p l a c e  a t  a  m i n i m u m  t e m p e r a t u r e  o f  2 0 0 0  K e l v i n  a n d  a  p r e s s u r e  
o f  a r o u n d  6 0 0 0  M P a .  B y  u s i n g  a  s u i t a b l e  s o l v e n t  f o r  c a r b o n  i t  w o u l d  b e  p o s s i b l e  
t o  o b t a i n  d i a m o n d  a t  a  l o w e r  t e m p e r a t u r e  a n d  a  c o r r e s p o n d i n g l y  l o w e r  p r e s s u r e .  
C a r b o n  i s  s o l u b l e  i n  m a n y  m e t a l s  a n d  m o s t  n o t a b l y ,  i r o n .  T h e  s o l u b i l i t y  w h i c h  
i n c r e a s e s  w i t h ·  t e m p e r a t u r e  r i s e s  t o  a b o u t  9  p e r c e n t  i n  i r o n  a t  2 2 0 0  d e g r e e s  
C e l s i u s .  I f  t h e  s o l u t i o n  i s  c o o l e d ,  c a r b o n  w i l l  b e  d e p o s i t e d  a s  g r a p h i t e  a t  
p r e s s u r e s  b e l o w  t h e  e q u i l i b r i u m  c u r v e  a n d  a s  d i a m o n d  a t  p r e s s u r e s  a b o v e  t h e  
c u r v e .  T h e  p i o n e e r i n g  w o r k  b y  B r i d g m a n  ( 1 0 )  i n  1 9 4 6  o n  a  h i g h  p r e s s u r e  
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a p p a r a t u s ,  m a d e  i t  p o s s i b l e  t o  a c h i e v e  t h e s e  c o n d i t i o n s  a n d  r e s u l t s  o f  
e x p e r i m e n t s  i n  w h i c h  d i a m o n d  w a s  r e p e a t e d l y  f o r m e d  w e r e  p u b l i s h e d  i n  1 9 5 5 .  I n  
1 9 6 3 ,  B u n d y  ( 1 1 )  p u b l i s h e d  r e s u l t s  o f  e x p e r i m e n t s  o n  t h e  m e l t i n g  t e m p e r a t u r e  o f  
g r a p h i t e  a s  a  f u n c t i o n  o f  p r e s s u r e  a n d  t h e s e  w e r e  l a t e r  c o n f i r m e d  b y  F a t e e v a  a n d  
V e r e s h c h a g i n  ( 1 2 ) .  S e e  F i g u r e  1 . 2  ( 1 3 ) .  
T h e  c o m m e r c i a l  i n t r o d u c t i o n  o f  s y n t h e t i c  d i a m o n d  p r o d u c t s  i n  t h e  l a t e  1 9 5 0 ' s  a n d  
s u b s e q u e n t  i m p r o v e m e n t s  i n  m a n u f a c t u r i n g  a n d  p r o c e s s i n g  t e c h n i q u e s  h a s  l e a d  
t o  s i g n i f i c a n t  i m p r o v e m e n t s  i n  t o o l  l i f e .  I t  i s  n o w  p o s s i b l e  f o r  p r o p e r t i e s  s u c h  a s  
c r y s t a l  s i z e ,  s h a p e  a n d  t o u g h n e s s  ( r e s i s t a n c e  t o  f r a c t u r e )  t o  b e  e n g i n e e r e d  i n t o  a  
p r o d u c t .  
F i g u r e  1 . 2  
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T h e  m e l t i n g  t e m p e r a t u r e  o f  g r a p h i t e  a s  a  f u n c t i o n  o f  p r e s s u r e  ( 1 3 )  
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1 . 2  T h e  d e v e l o p m e n t  o f  d i a m o n d  w i r e  
T h e  q u a r r y i n g  o f  c a l c a r e o u s  r o c k  f o r  d e c o r a t i v e  a p p l i c a t i o n s  i s  u s u a l l y  c a r r i e d  o u t  
b y  c u t t i n g  o r  c o n t r o l l e d  s p l i t t i n g  m e t h o d s  o p p o s e d  t o  e x p l o s i v e  t e c h n i q u e s  w h i c h  
c a u s e  s e v e r e  c r a c k i n g  o f  t h e  d e p o s i t .  H e l i c a l  w i r e  s a w i n g  w a s  a  w i d e l y  u s e d  
c u t t i n g  m e t h o d  i n  m a r b l e  q u a r r i e s .  T h e  s y s t e m  c o n s i s t e d  o f  a  h e l i c a l  s t e e l  c a b l e  
d r i v e n  b y  a  p u l l e y  a n d  u s e d  s i l i c e o u s  s a n d  o r  s t e e l  s h o t  a s  t h e  a b r a s i v e  w h i c h  
w a s  c o n t i n u o u s l y  f e d  i n t o  t h e  c u t  a t  a p p r o p r i a t e  p o i n t s .  T h e  s y s t e m  h o w e v e r  w a s  
n o t  i d e a l  a s  t h e  h e l i c a l  c a b l e ,  s o m e t i m e s  s t r e t c h i n g  f o r  k i l o m e t r e s  o v e r  n u m e r o u s  
p u l l e y s ,  h a d  a  h i g h  w e a r  r a t e  a n d  r e q u i r e d  f r e q u e n t  r e p l a c e m e n t .  I t  w a s  a l s o  
d i f f i c u l t  t o  r e c y c l e  t h e  l a r g e  q u a n t i t i e s  o f  l o o s e  a b r a s i v e  u s e d  f o r  c u t t i n g .  B a s e d  
o n  t h e  s u c c e s s f u l  p e r f o r m a n c e  o f  d i a m o n d  i n  c i r c u l a r  s a w i n g  a p p l i c a t i o n s  o f  
n a t u r a l  s t o n e ,  r e s e a r c h  w a s  i n i t i a t e d  o n  d i a m o n d  w i r e  a s  a  r e p l a c e m e n t  f o r  t h e  
h e l i c a l  w i r e  s y s t e m .  
I m p r e g n a t e d  D i a m o n d  P r o d u c t s  a n d  t h e i r  o w n e r s ,  B a t h  a n d  P o r t l a n d  S t o n e  F i r m s  
L t d .  c l a i m e d  t o  h a v e  r u n  a  c o n f i d e n t i a l  r e s e a r c h  p r o j e c t  (  4 )  b e t w e e n  1 9 5 5  a n d  
1 9 5 7 ,  t o  t e s t  t h e  i d e a  o f  d i a m o n d  w i r e  s a w i n g  b u t  t h e y  w e r e  u n s u c c e s s f u l  i n  t h e i r  
a t t e m p t s .  P r o w s e  ( 1 4 )  f r o m  t h e  U n i t e d  K i n g d o m  b a s e d  c o m p a n y  T r i e f u s ,  i n i t i a t e d  
e x p e r i m e n t a l  w o r k  i n  m a r b l e  q u a r r i e s ,  i n  C a r r a r a ,  I t a l y  i n  1 9 6 8 ,  w i t h  d i a m o n d  w i r e  
m a d e  u p  u s i n g  a  s t e e l  c a b l e  w h i c h  w a s  t h r e a d e d  a l t e r n a t e l y  w i t h  d i a m o n d  b e a d s  
a n d  s p a c e r s .  T h e  d i a m o n d  b e a d s  c o n s i s t e d  o f  s t e e l  t u b e s  w h i c h  w e r e  
e l e c t r o p l a t e d  u s i n g  n i c k e l  t o  r e t a i n  t h e  d i a m o n d .  V a r i o u s  t e s t s  y i e l d e d  s o m e  
i n t e r e s t i n g  d a t a  f r o m  t h e  c u t s  t h a t  w e r e  c a r r i e d  o u t .  R e a l i s i n g  t h e  p o t e n t i a l  o f  t h i s  
c o n c e p t  f o r  s a w i n g  i n  q u a r r i e s ,  o t h e r  d i a m o n d  t o o l m a k i n g  f i r m s  s t a r t e d  r e s e a r c h  
i n t o  d i a m o n d  w i r e  s a w i n g .  V a r i o u s  f i e l d  t r i a l s  w e r e  c a r r i e d  o u t  w i t h  d i a m o n d  w i r e s  
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a n d  a  n u m b e r  o f  m e t h o d s  o f  s p a c i n g  t h e  b e a d s  w e r e  e v a l u a t e d .  T h e s e  c o n s i s t e d  
o f  a s s e m b l i e s  a s  s h o w n  i n  F i g u r e  1 . 3  u s i n g : -
( i )  l o o s e  r u b b e r  s l e e v e s  p o s i t i o n e d  b e t w e e n  e a c h  b e a d ,  
( i i )  c o t t e r  p i n s  w h i c h  w e r e  i n s e r t e d  t h r o u g h  t h e  c a b l e  i n  f r o n t  a n d  b e h i n d  
e a c h  b e a d  t h e r e b y  l o c k i n g  t h e m  i n t o  p o s i t i o n ,  
( i i i )  s p r i n g s  l o c a t e d  b e t w e e n  e a c h  b e a d  a n d  c o t t e r  p i n s  i n s e r t e d  t h r o u g h  t h e  
c a b l e  e v e r y  f e w  b e a d s ,  s o  a s  t o  l o c a t e  a n  a s s e m b l y  o f  b e a d s  a n d  s p r i n g s ,  
( i v )  s p r i n g s  a n d  c r i m p s ,  t h e  c r i m p s  p e r f o r m i n g  t h e  s a m e  f u n c t i o n  a s  t h e  c o t t e r  
p i n s  m e n t i o n e d  i n  ( i i i )  a b o v e .  
T h e  l a t t e r  a r r a n g e m e n t  p r o v e d  t h e  m o s t  s u c c e s s f u l  a n d  v a r i o u s  d e r i v a t i v e s  o f  t h i s  
t y p e  w e r e  m a n u f a c t u r e d  a n d  t e s t e d .  A f t e r  r e d u c i n g  w i r e  b r e a k a g e  p r o b l e m s  w h i c h  
w e r e  i n i t i a l l y  e x p e r i e n c e d ,  b y  r i g o r o u s  a s s e s s m e n t  o f  d i f f e r e n t  c a b l e  d e s i g n s ,  
d i a m o n d  w i r e  s a w i n g  g r a d u a l l y  b e c a m e  a c c e p t e d  i n  m a r b l e  q u a r r i e s  s i n c e  1 9 7 8 .  
L a r g e  s a v i n g s  o v e r  t h e  h e l i c a l  w i r e  s y s t e m s  w e r e  r e p o r t e d  f r o m  e n s u i n g  
e v a l u a t i o n s  ( 1 5 ) .  
M o s t  d i a m o n d  w i r e  m a n u f a c t u r e s  s t a n d a r d i s e d  o n  a n  e l e c t r o p l a t e d  b e a d  o f  
a p p r o x i m a t e l y  6  m m  i n  l e n g t h  w i t h  a n  e x t e r n a l  d i a m e t e r  o f  a r o u n d  1 0  m m ,  
t h r e a d e d  o n t o  a  c a b l e  o f  a p p r o x i m a t e l y  5  m m  i n  d i a m e t e r .  T y p i c a l l y  t h i r t y  b e a d s  
a r e  u s e d  p e r  m e t r e  o f  d i a m o n d  w i r e  f o r  m a r b l e  a p p l i c a t i o n s .  
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F i g u r e  1 . 3  
E a r l y  d i a m o n d  w i r e  d e s i g n s  ( 4 )  
K e y  
1  
B e a d  
2  S p a c e r  
3  
W i r e  c a b l e  
4  I n n e r  s l e e v e  
5  D i a m o n d  l a y e r  
6  C o t t e r  p i n  
7  S p r i n g  
8  C r i m p  
P r i o r  t o  t h e  d e v e l o p m e n t s  i n  m a r b l e  q u a r r i e s ,  w i r e  s a w i n g  h a d  n o t  b e e n  s e r i o u s l y  
c o n s i d e r e d  i n  t h e  q u a r r y i n g  o f  s i l i c e o u s  m a t e r i a l .  A  n u m b e r  o f  c u t t i n g  a n d  s p l i t t i n g  
t e c h n i q u e s  h a v e  b e e n  e m p l o y e d  w i t h  v a r y i n g  l e v e l s  o f  s u c c e s s  i n  t h e  p r i m a r y  
o p e r a t i o n  o f  s e p a r a t i n g  b l o c k s  o f  s t o n e  f r o m  t h e  d e p o s i t  a n d  i n  t h e  s e c o n d a r y  
o p e r a t i o n  o f  f u r t h e r  r e d u c i n g  t h e  b l o c k s  i n t o  m a n a g e a b l e  s i z e s .  D u e  t o  i t s  
s i m p l i c i t y  o f  u s e ,  t h e r m a l  l a n c i n g ,  w h i c h  w o r k s  o n  t h e  p r i n c i p l e  o f  s p a l l i n g  r o c k  
t h r o u g h  l o c a l i s e d  h e a t i n g ,  b e c a m e  o n e  o f  t h e  m o r e  p o p u l a r  m e t h o d s  u s e d  i n  t h e  
p r i m a r y  q u a r r y i n g  o p e r a t i o n s .  E x p l o s i v e  t e c h n i q u e s  s u c h  a s  c o n t r o l l e d  b l a s t i n g  
h a v e  a l s o  b e e n  w i d e l y  e m p l o y e d  a n d  t o g e t h e r  w i t h  d r i l l i n g ,  i s  s t i l l  e x t e n s i v e l y  
u s e d  f o r  t h e  r e d u c t i o n  o f  s t o n e  b l o c k s  o f  t h i s  m a t e r i a l  t y p e .  I n  s o m e  q u a r r i e s ,  s l o t  
d r i l l i n g ,  w h i c h  p r o d u c e s  a  s l o t  b y  d r i l l i n g  a  s e r i e s  o f  o v e r l a p p i n g  h o l e s  i n  t h e  r o c k ,  
h a s  b e e n  p r e f e r r e d  i n  t h e  p r i m a r y  o p e r a t i o n .  T h i s  t e c h n i q u e  p r o d u c e s  a  m u c h  
w i d e r  c u t ,  t h a n  t h a t  m a d e  b y  d i a m o n d  w i r e  s a w i n g  w h i c h ,  t o g e t h e r  w i t h  t h e r m a l  
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l a n c i n g  a n d  v a r i o u s  e x p l o s i v e  m e t h o d s ,  d a m a g e  t h e  m a t e r i a l  b e y o n d  t h e  c u t ,  
r e s u l t i n g  i n  w a s t a g e  o f  p r e d o m i n a n t l y  s a l e a b l e  m a t e r i a l .  
T h e  s u c c e s s  o f  d i a m o n d  w i r e  i n  m a r b l e  q u a r r i e s  p r o v i d e d  s u f f i c i e n t  i n c e n t i v e  t o  
r e s e a r c h  i t s  p o t e n t i a l  i n  t h e  c u t t i n g  o f  t h e  m u c h  h a r d e r  a n d  m o r e  a b r a s i v e  
s i l i c e o u s  r o c k .  H o w e v e r  t h e  l o o s e  s p a c e r  s y s t e m  w a s  f o u n d  u n s u i t a b l e  f o r  t h e  
c u t t i n g  o f  t h e s e  m a t e r i a l s ,  p a r t i c u l a r l y  g r a n i t e s  h a v i n g  h i g h  q u a r t z  c o n s t i t u e n t s ,  a s  
r a p i d  a b r a s i v e  w e a r  w a s  e n c o u n t e r e d  b e t w e e n  t h e  b e a d  a n d  c a b l e  ( 1 6 ) .  D i a m o n d  
e l e c t r o p l a t e d  b e a d s  w e r e  a l s o  f o u n d  u n s u i t a b l e  a s  t h e  s i n g l e  l a y e r  o f  d i a m o n d s  
w o r e  a w a y  r a p i d l y ,  r e s u l t i n g  i n  a  s h o r t  t o o l  l i f e .  T o  o v e r c o m e  t h e  p r o b l e m s  o f  
a b r a s i o n  o f  t h e  c a b l e ,  d i a m o n d  w i r e s  w e r e  d e v e l o p e d  u s i n g  e i t h e r  i n j e c t i o n  
m o u l d e d  p l a s t i c  o r  v u l c a n i s e d  r u b b e r ,  w h i c h  f u l l y  c o v e r s  t h e  c a b l e  a n d  f i x e s  t h e  
b e a d s  i n t o  p o s i t i o n ,  t h u s  e l i m i n a t i n g  a n y  d i r e c t  c o n t a c t  b e t w e e n  t h e  c a b l e  a n d  t h e  
a b r a s i v e  r o c k  a n d  b e t w e e n  t h e  b e a d  a n d  c a b l e ,  a s  s h o w n  i n  P l a t e  1 . 1 .  
P l a t e  1 . 1  
D i a m o n d  w i r e  u s i n g  t h e  v u l c a n i s e d  r u b b e r  s p a c e r  s y s t e m  
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T h e  r a p i d  w e a r  o f  d i a m o n d  e l e c t r o p l a t e d  b e a d s  w a s  a d d r e s s e d  b y  d e v e l o p i n g  
b e a d s  u s i n g  d i a m o n d  m a t r i x  s i n t e r i n g  t e c h n o l o g y ,  s i m i l a r  t o  t h a t  u s e d  i n  t h e  
m a n u f a c t u r e  o f  d i a m o n d  d r i l l  b i t s  a n d  d i a m o n d  s a w  b l a d e s .  I n  t h e  m a n u f a c t u r e  o f  
d i a m o n d  w i r e  b e a d s ,  a  m a t r i x  c o n s i s t i n g  o f  a  m i x t u r e  o f  d i a m o n d  g r i t  a n d  m e t a l  
p o w d e r  i s  s i n t e r e d  i n  a  h o t  p r e s s i n g  p r o c e s s  o n t o  t h e  p e r i p h e r y  o f  a  s t e e l  s l e e v e ,  
t o  p r o d u c e  t h e  b e a d .  I n i t i a l  t r i a l s  t o o k  p l a c e  i n  g r a n i t e  q u a r r i e s  a r o u n d  t h e  m i d d l e  
o f  t h e  1 9 8 0 ' s  a n d  g o o d  r e s u l t s  w e r e  r e p o r t e d  i n  t h e  s a w i n g  o f  a  n u m b e r  o f  
s i l i c e o u s  m a t e r i a l s  ( 1 7 ) .  D i a m o n d  t o o l m a k e r s  h a v e  f o u n d  t h a t  f o r  m o s t  q u a r r y i n g  
a p p l i c a t i o n s  o f  t h i s  t y p e  o f  m a t e r i a l ,  t h e  b e s t  s i z e  o f  t h e  s i n t e r e d  d i a m o n d  b e a d  i s  
i n  t h e  s a m e  o r d e r  o f  t h e  e l e c t r o p l a t e d  b e a d s  u s e d  f o r  m a r b l e  q u a r r y i n g  ( a n  o u t e r  
d i a m e t e r  o f  b e t w e e n  1 0  m m  a n d  1 2  m m  w i t h  a  l e n g t h  i n  t h e  r e g i o n  o f  7  m m ,  
t h r e a d e d  o n t o  a  c a b l e  o f  b e t w e e n  5  m m  a n d  6  m m  i n  d i a m e t e r ) .  
T h e  a t t r i b u t e s  o f  t h e  m o r e  p o p u l a r  t e c h n i q u e s  u s e d  i n  t h e  q u a r r y i n g  o f  s i l i c e o u s  
m a t e r i a l s  c o m p a r e d  w i t h  t h o s e  o f  d i a m o n d  w i r e  s a w i n g  a r e  s h o w n  i n  T a b l e  1 . 1 .  
A t t r i b u t e  Q u a r r y  
P r o d u c t i v i t y  
U n  i v e r s a  I  i t y  
E a s e  o f  N o i s e  
S a f e t y  
M e t h o d  
y i e l d  
o p e r a t i o n  
p o l l u t i o n  
T o r c h  c u t t i n g  
-
-
- -
+  
- -
-
C l a s s i c a l  
- -
+  
+  +  
-
-
e x p l o s i v e  
S m o o t h  b l a s t i n g  
-
0  - - -
-
-
S l o t  d r i l l i n g  
+  - +  
-
0  +  
D i a m o n d  w i r e  
+  
+  +  0  +  0  
+  
0  
-
- -
K e y  
A d v a n t a g e  I n s i g n i f i c a n t  D i s a d v a n t a g e  N e g a t i v e  o r  
e f f e c t  i n h i b i t o r y  c r i t e r i a  
T a b l e  1 . 1  T h e  a t t r i b u t e s  o f  m e t h o d s  e m p l o y e d  i n  t h e  q u a r r y i n g  o f  s i l i c e o u s  r o c k  ( 1 8 )  
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T h e  o v e r a l l  p e r f o r m a n c e  o f  d i a m o n d  w i r e  h a s  p r o g r e s s i v e l y  i m p r o v e d  b y  f u r t h e r  
d e v e l o p m e n t .  I m p r o v e d  c u t t i n g  r a t e s  a n d  t o o l  l i f e  h a v e  b e e n  a c h i e v e d  b y  
d e v e l o p i n g  s i n t e r e d  b e a d s  f o r  u s e  i n  s p e c i f i c  m a t e r i a l s  b y  s e l e c t i n g  a  s u i t a b l e  
d i a m o n d  p r o d u c t  a n d  b o n d  m e t a l  t o  a t t a i n  a  d e s i r e d  w e a r  b a l a n c e .  D i a m o n d  
w i r e s  u s i n g  s i n t e r e d  b e a d s  h a v e  b e c o m e  w e l l  e s t a b l i s h e d  i n  s a w i n g  a p p l i c a t i o n s  
o f  s i l i c e o u s  r o c k  a n d  w i r e  s a w i n g  h a s  b e c o m e  t h e  p r e f e r r e d  m e t h o d  o f  p r i m a r y  
e x t r a c t i o n  f o r  m a t e r i a l s  h a v i n g  f i n e l y  d i s p e r s e d  m i n e r a l  c o n s t i t u e n t s ,  s u c h  a s  
g a b b r o .  D i a m o n d  w i r e  s a w i n g  h a s  b e c o m e  p a r t i c u l a r l y  b e n e f i c i a l  w h e r e  t h e  y i e l d  
o f  m a t e r i a l  f r o m  a  q u a r r y  i s  o f  p r i m a r y  i m p o r t a n c e  ( 1 9 )  a s  i t  p r o d u c e s  f l a t  s m o o t h  
f a c e s  w i t h  a  m i n i m u m  o f  m a t e r i a l  w a s t a g e  o v e r  l a r g e  s u r f a c e  a r e a s ,  a s  s h o w n  i n  
P l a t e s  1  .  2  a n d  1 .  3 .  
P l a t e  1 .  2  
D i a m o n d  w i r e  s a w i n g  a  b e n c h  o f  a p p r o x i m a t e l y  3  m e t r e s  h i g h  i n  a  g r a n i t e  
q u a r r y  i n  N a m a q a l a n d  
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P l a t e  1 . 3  
A  g a b b r o  r o c k  f a c e  i n  e x c e s s  o f  3 0 0
2  
m e t r e s ,  c u t  w i t h  d i a m o n d  w i r e  i n  a  q u a r r y  
n e a r  R u s t e n b u r g  
W h i l e  t h e  d i a m o n d  w i r e  c o n s i s t i n g  o f  e l e c t r o p l a t e d  b e a d s  ( s p a c e d  w i t h  s p r i n g s  
a n d  c r i m p s )  i s  s t i l l  u s e d  t o  s o m e  e x t e n t  i n  t h e  s a w i n g  o f  c a l c a r e o u s  m a t e r i a l s ,  f o r  
e x a m p l e  w h e r e  r a p i d  c u t t i n g  r a t e s  a r e  r e q u i r e d ,  d i a m o n d  w i r e  u s i n g  s i n t e r e d  
b e a d s  b o n d e d  t o  t h e  c a b l e  o r  f o r  s o m e  m a r b l e  a p p l i c a t i o n s ,  m o u n t e d  w i t h  
s p r i n g s ,  h a v e  b e c o m e  i n c r e a s i n g l y  p o p u l a r  a n d  a r e  n o w  w i d e l y  u s e d  d u e  t o  t h e i r  
i m p r o v e d  w e a r  c h a r a c t e r i s t i c s .  
D e s i g n s  o f  i n j e c t i o n  m o u l d e d  p o l y m e r  a n d  v u l c a n i s e d  r u b b e r  b e a d  m o u n t i n g  
s y s t e m s  h a v e  b e e n  e n h a n c e d  b y  i m p r o v i n g  t h e  s h e a r  s t r e n g t h  o f  t h e  p o l y m e r  a n d  
r u b b e r ,  t h e i r  a d h e s i o n  t o  t h e  m e t a l l i c  c o m p o n e n t s  a n d  t h e i r  f l e x i b i l i t y .  
I m p r o v e m e n t s  h a v e  a l s o  b e e n  m a d e  b y  a  g e n e r a l  r e d u c t i o n  o f  t h e  c r o s s  s e c t i o n a l  
a r e a  b e t w e e n  b e a d s ,  w h i c h  i s  d e s i r a b l e  i n  o r d e r  t o  c a r r y  t h e  f l u s h i n g  w a t e r  a n d  
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s i l t  d e b r i s  i n  t h e  c u t .  W i r e  b r e a k a g e s  h a v e  b e e n  r e d u c e d  b y  d e v e l o p i n g  c a b l e  
d e s i g n s  t o  a c c o m m o d a t e  t h e  b e n d i n g  o v e r  s m a l l  r a d i i ,  e x p e r i e n c e d  i n  a  n u m b e r  
o f  a p p l i c a t i o n s  a n d  i m p r o v i n g  t h e  s c r e w  a n d  s l e e v e  t y p e  c r i m p s  w h i c h  a r e  u s e d  t o  
j o i n  t h e  w i r e .  
I m p r o v e m e n t s  t o  d i a m o n d  w i r e  s a w i n g  m a c h i n e s  h a v e  a l s o  c o n t r i b u t e d  t o  t h e  
r e l i a b i l i t y  a n d  p e r f o r m a n c e  o f  d i a m o n d  w i r e .  S l o w  s t a r t  u p  a n d  s h u t  d o w n  f a c i l i t i e s  
o n  w i r e  s a w i n g  m a c h i n e s  h a v e  r e d u c e d  t h e  f r e q u e n c y  o f  b r e a k a g e  o f  t h e  w i r e  
c a b l e  d u r i n g  t r a n s i t i o n a r y  p e r i o d s .  I m p r o v e m e n t s  t o  t h e  c o n t r o l  s y s t e m s  o f  
d i a m o n d  w i r e  s a w s  h a v e  h a d  a  p o s i t i v e  e f f e c t  o n  d i a m o n d  w i r e  l i f e  b y  k e e p i n g  t h e  
w i r e  t e n s i o n ,  a n d  t h e r e f o r e  t h e  l o a d  o n  t h e  w i r e  b e a d s ,  m o r e  c o n s t a n t  d u r i n g  
o p e r a t i o n .  T h i s  h a s  b e e n  a c h i e v e d  b y  i n c o r p o r a t i n g  t r a v e r s e  r a t e ,  w i r e  s p e e d  a n d  
c u t t i n g  p o w e r  c o n t r o l  i n t o  d i a m o n d  w i r e  s a w s .  ( W i r e  s p e e d  a n d  t r a v e r s e  r a t e  a r e  
c o n t r o l l e d  b y  r o t a t i o n a l  a n d  l i n e a r  d i s p l a c e m e n t  o f  t h e  d r i v e  p u l l e y  r e s p e c t i v e l y  
t h r o u g h  e i t h e r  a m p e r a g e  c o n t r o l  i n  t h e  c a s e  o f  a n  e l e c t r i c  d r i v e  o r  p r e s s u r e  
c o n t r o l  w h e n  a  h y d r a u l i c  m o t o r  i s  u s e d ) .  
D i a m o n d  w i r e  s a w i n g  i s  a l s o  u s e d  i n  t h e  s q u a r i n g  a n d  s l a b b i n g  o f  s i l i c e o u s  
b l o c k s  i n  t h e  s t o n e  y a r d  ( s e e  P l a t e  1 . 4 ) .  T h i s  h a s  l e a d  t o  i n c r e a s e d  e f f i c i e n c i e s  i n  
t h e  s u b s e q u e n t  p r o c e s s e s  o f  c u t t i n g  a n d  p o l i s h i n g  t h e  m a t e r i a l .  W i t h  t h e  
a v a i l a b i l i t y  o f  n u m e r i c a l  c o n t r o l  s y s t e m s  f r o m  t h e  m a c h i n e  t o o l  i n d u s t r y ,  m u l t i - a x i s  
d i a m o n d  w i r e  p r o f i l i n g  m a c h i n e s  h a v e  b e e n  d e s i g n e d  w h i c h  e n a b l e  i n t r i c a t e  
p r o f i l e s  t o  b e  c u t  i n  n a t u r a l  s t o n e  m u c h  m o r e  e f f i c i e n t l y  t h a n  t h e  p r e v i o u s l y  u s e d  
c i r c u l a r  s a w i n g  a n d  g r i n d i n g  m e t h o d s .  
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P l a t e  1 . 4  D i a m o n d  w i r e  s a w i n g  o f  g r a n i t e  i n  a  s t o n e  y a r d  
1 . 3  T h e  w e a r  b e h a v i o u r  o f  d i a m o n d  p a r t i c l e s  i n  a  s i n t e r e d  t o o l  m a t r i x  
T h e  d i a m o n d  a n d  b o n d  m a t r i x  w h i c h  f o r m s  t h e  c u t t i n g  e l e m e n t  o f  t h e  t o o l  i s  
m a n u f a c t u r e d  b y  m o u l d i n g  a  c a r e f u l l y  p r e p a r e d  m i x t u r e  o f  d i a m o n d  p a r t i c l e s  a n d  
m e t a l  p o w d e r  i n t o  a  r e q u i r e d  s h a p e  u s i n g  a  h o t  s i n t e r i n g  p r o c e s s .  K e y  f a c t o r s  i n  
t h e  d e s i g n  o f  t h e  m a t r i x  a r e  t h e  c h o i c e  a n d  c o n c e n t r a t i o n  o f  d i a m o n d  a n d  t h e  
m e t a l  p o w d e r  t h a t  f o r m s  t h e  b o n d .  T h e  s e l e c t i o n  i s  d e t e r m i n e d  b y  t h e  i n t e n d e d  
a p p l i c a t i o n  i n  w h i c h  t h e  c u t t i n g  f o r c e s  a n d  t h e  m a t e r i a l  b e i n g  c u t  a r e  i m p o r t a n t  
c o n s i d e r a t i o n s .  
T h e  m a t r i x  i s  d e s i g n e d  t o  e n a b l e  a  n u m b e r  o f  d i a m o n d  p a r t i c l e s  t o  b e  i n  c o n t a c t  
w i t h  t h e  m a t e r i a l  b e i n g  w o r k e d  a t  a n y  o n e  t i m e ,  w i t h  e a c h  p a r t i c l e  e x h i b i t i n g  a n  
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individual life cycle. Under the correct conditions, the matrix has a self 
sharpening characteristic, as diamond particles are lost through abrasive wear, 
new particles progressively emerge from the matrix. Wear of the matrix is thus 
characterised by the balance achieved between the wear of each diamond 
particle and its retention by the bond material. 
Buttner (20), studied the wear of diamond matrices when cutting natural stone 
and proposed that a diamond particle has tour stages in its life cycle. These are 
initial coverage by the bond material, diamond particle exposure resulting from 
the erosion of the matrix, vyear exhibited by the diamond particle during cutting 
and finally, erosion of the matrix to a point where the diamond particle is pulled 
out. He stated that under ideal conditions of operation, the load on the diamond 
particle results in controlled fracture whereby it eventually breaks down and 
presents new cutting points. 
Alexandrov et.al. (21) evaluated the wear of diamond particles on a grinding 
apparatus and described the abrasive wear of a particle once it had emerged, as 
a steady growth of a 'bluntness area' on the grain, in the presence of 
characteristic grooves or furrows coinciding with the direction of grinding. This 
was followed by spalling of the particle in which the working surface underwent a 
major change, accompanied by the disappearance of the bluntness area. 
Bailey and Bullen (22), in a study of diamond particle wear in circular sawing, 
classified four states of wear as; a good diamond, a diamond with wear flat, a 
rough diamond and a diamond having wear flat and rough. The results of their 
research showed that the wear behaviour of diamond particles was affected by 
the impact of the diamond particles with the work piece, which is dependent on 
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the rotational speed, and the forces on the diamond particles induced by direct 
mechanical loading. 
Mamalis, et.al. (23) monitored the way in which diamond particles wore using a 
one segment sawing apparatus and categorised three wear states as, a particle 
without significant wear, a particle exhibiting a flattened area and a broken or 
fractured particle. It was found that, when sawing Colombo Red granite, a major 
proportion of particles were either fractured or flattened and when sawing the 
easier to cut Impala granite, the number of diamond particles without significant 
wear was higher. In fair agreement with Bailey and Bullen (15), Mamalis, et.al. 
concluded that the predominance of fractured particles was as a result of impact 
loading with cleavage fracturing caused by shock waves travelling through the 
particle. 
In assessments of the wear behaviour of segments of a circular saw, 
Ertingshausen (24) suggested two hypotheses to explain diamond particle wear. 
(i) As sawing progresses, the newly exposed diamond particles develop wear 
flats, causing cutting forces to increase which results in fracturing of the 
diamond particles. The diamond particles are then reduced in the form of 
splinters. 
(ii) The points of newly exposed diamond break off after initial contact with 
the workpiece. Wear flats then develop and the particle is pulled out of the 
bond in this state, when the cutting forces exceed the strength of the 
anchorage. 
Tonshoff and Warnecke (25) realised that in diamond tools such as circular saws 
and grinding wheels, the cutting edges of the diamond particles are not all 
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located at the same height, but are statistically distributed. The wear of diamond 
particles has been attributed to the combination of friction, compressive loads 
and associated local heating. 
Wright (26) looked at the height of protrusion of diamond particles from the matrix 
during their working lives in ci rcular sawing. He observed that with some 
particles, after initial fracture which reduced the protrusion, their working height 
was subsequently attained after a certain period of operation, as a result of a 
higher wear rate of the matrix in relation to the diamond particle. In later work, 
Wright, et. al. (27) studied the wear progression of diamond particles on a 
laboratory drill rig by observing their height of protrusion from the matrix over 
accumulated distances drilled in Pennant sandstone and Cornish Grey granite. It 
was found that in the more abrasive sandstone, the predominant wear mode was 
erosion of the bond material around the diamond, which resulted in the diamond 
particle being lost soon after fracturing. In the granite however, the breakdown of 
a diamond particle occurred at an earlier stage but it remained in the matrix for 
longer. 
Miller and Ball, (28) carried out detailed examinations of the wear of the diamond 
matrix in drilling experiments and identified two different sequences of diamond 
particle wear. At sub-optimal loads, i.e. where the rate of penetration of the bit 
decreased steadily for a given applied load, newly exposed diamond particles 
tended to develop large wear flats. This phenomena was also observed on 
diamond particles that had fractured. At loads where the rate of penetration 
remained steady for a given applied load, it was found that the sharp edges of 
newly exposed diamond particles became rounded. This led to transitory wear 
flats which broke up by micro fracturing, with possible cyclical repetition of these 
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two stages. Complete fracture ultimately reduced the diamond particle to splinters 
and its eventual loss from the matrix. 
The wear flat surface of diamond particles exhibited striations with grooves of 
varying depths, orientated in the direction of travel. Steps were also evident on 
the surface, approximately transverse to the direction of travel and these 
eventually contributed to the micro fracture of the diamond particle at loads above 
the sub-optimal transition. 
1.4 The selection criteria for diamond and the bond material in sintered 
cutting tools 
The testing and evaluation of industrial diamond abrasives is continually being 
carried out by the major producers, resulting in improvements of product and the 
criteria used for selection. It has been recognised that the diamond particle size, 
the impact strength and thermal stability have a major effect on the way the 
particles behaves in an application, therefore indices have been derived to rank 
these properties. 
1.4.1 Diamond type 
(i) Natural diamond 
The early diamond abrasive products were of natural origin and different 
characteristics were obtained by processing industrial grade diamond by 
crushing, sizing and sorting the diamond grit into categories of shape. The 
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thermal stability of natural diamond is somewhat higher than synthetic diamond, 
allowing matrix sintering temperatures of 1300 degrees Celsius to be reached 
without danger of graphitisation. Natural diamond particles are generally of 
irregular shape which makes them particularly suitable for applications where 
particle retention is important, such as with diamond electroplated tools. 
(ii) Synthetic diamond 
The morphology of synthetic diamond crystals can be controlled to an extent in 
the manufacturing process which enables diamond particles, having known 
properties such as thermal stability and impact strength, to be produced. High 
quality synthetic diamond consisting of regular crystalline particles having few 
inclusions, allow matrix sintering temperatures of 1100 degrees Celsius to be 
used without danger of graphitisation. Some lower grades having irregular 
shapes and greater amounts of inclusions will start to graphitise at temperatures 
below 1100 degrees Celsius. The consistency of synthetic diamond products is 
achieved by processing and grading the diamond grit produced, into categories of 
size, strength, shape and inclusions. 
Synthetic diamond producers have based their technology on either exclusively 
using nickel or cobalt based solvents and although each producer claimed 
particular benefits of their products, no direct comparison was made on any 
differences that might exist in the particle wear behaviour. The recent availability 
of products manufactured with both types of solvent from one producer facilitated 
a direct comparison between the two product types (29) and the findings have 
enhanced the selection criteria of synthetic diamond. 
18 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
• 
1.4.2 Diamond particle strength 
One of the foremost techniques used to quantify the strength of a diamond 
product was the Friartester developed by Belling and Dyer (30) which determines 
the resistance to impact of a diamond grit sample by subjecting it to a number of 
controlled blows by a ball in a capsule. The sample's friability value is related to 
the mass of non-fractured particles which remain after the test to the mass of 
fractured particles. Tests are carried out to obtain the sample's friability value at 
room temperature, referred to as the toughness index (Tl) value and at elevated 
temperatures, typically at 900 and 1100 degrees Celsius, to obtain the thermal 
toughness index (TTI) values. 
Plate 1.5 
cobalt based solvent 
Synthetic diamond products from different synthesis process having similar Tl 
strengths but with visual dissimilarities (29) 
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The limitations of the friability test relating to product performance, are 
highlighted by the fact that while the friability index values of certain synthetic 
diamond grades may be similar, they may visually look different, as can be seen 
from Plate 1.5. It was suspected that behavioural differences existed between the 
two synthetic diamond types, particularly as the characteristics of the inclusions 
are different and therefore further classification was desirable in order to better 
define the product. 
Particle Strength 
IBUJfil [p~[I]~  I Room Temp. 
I 900°C 
I 1100°C 
111111111 
111111110 
111111100 
~" 
111100000 
111000000 
llDDOODOO 
111000000 
110000000 
100000000 
Particle 
Crystallinity 
Figure 1.4 Diamond classification indices (29) 
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Davis et. al. (29) produced three diamond classification indices comprising of a 
diamond particle strength index at ambient and elevated temperatures, a particle 
cystallinity scale and a wear mechanism indicator (see Figure 1.4). While the 
absolute values are not indicated, the indices provide a relative ranking for the 
products. 
1.4.3 Diamond particle structure 
In order to quantify the diamond particle characteristics, it is necessary to define 
its structure. The particle structure can be described by size, shape, surface 
texture and the inclusions present. 
(i) Particle size 
Diamond particles are sized by using precision electroformed sieves to the 
American National Standards Institute (ANSI) and the Federation Europeene des 
Fabricants de Produits Abrasifs (FEPA) specifications, both designations being 
equivalent. Diamond products for sawing and drilling applications, according to 
the ANSI , are specified in US mesh size. The relationship between mesh size, the 
FEPA designation and the number of particles per carat are shown in Appendix 1. 
A fundamental relationship exists between the compressive strength of diamond 
grit and particle size, with smaller crystals exhibiting higher strengths (31 ). In a 
bond matrix, this relationship combines with a number of other factors which 
influence the selection of grit size. As the diamond particle size reduces, the 
number of particles per carat increases and correspondingly the number of 
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cutting points in a matrix. Considering a certain applied load, the increased 
number of cutting points has the effect of reducing the average cutting forces that 
each particle experiences. Therefore the wear rate tends to reduce with reducing 
particle size (32). 
The size of grit also affects the height of protrusion of the particle from the matrix 
since the protrusion height is reduced with smaller particle size. The particle's 
height of protrusion affects the productivity of the tool in operation. If the particle 
protrusion is insufficient, too little clearance will exist between the diamond matrix 
and the workpiece for efficient chip storage and removal which results in a high 
bond wear. Below a minimum critical particle size, the wear rate of the bond 
increases with reducing diamond size (25). 
The choice of diamond grit size is dependent on the workpiece material (33). As a 
guide for sawing applications, 20/30 US mesh is generally recommended for 
cutting sedimentary materials (e.g .. limestone, sandstone), 30/40 US mesh for 
cutting calcareous materials of medium hardness (e.g .. marble) and 40/50 US 
mesh for harder siliceous materials (e.g. granites, gabbros). Harder stone types 
such as those having a high quartz content, would require finer diamond sizes. 
Diamond toolmakers normally select a diamond grit size to best suit the 
application and the performance requirements of their tool design so mixed 
particle sizes of different diamond products are not uncommon. 
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(ii) Particle shape 
Synthetic diamond particles range from regular cube-octahedral shapes having 
smooth faces and well defined edges to irregular and angular shapes as shown in 
Plate 1.6. These shapes define the crystallinity of the diamond particle (34). The 
relationship between crystal shape and strength is well known, with the less 
regular and angular shapes exhibiting lower strengths. This is due to reductions 
in cross sectional areas on which the cutting forces act and stress raisers caused 
by asperities or acute corner angles. The shape of the particle will also influence 
its retention by the bond, with the irregular shapes being easier to retain , such as 
the case with natural diamond particles. 
(iii) Diamond surface texture 
The surface characteristics of a diamond particle, which range from smooth and 
flat to irregular and microcracked surfaces, relates to crystallinity. Large 
irregularities would affect the edge definition of the crystal and therefore shape. 
Localised surface irregularities form stress raisers which affect the strength of the 
diamond particle. 
Synthetic diamond particles can be used as sintered or, to enhance retention 
characteristics in the bond, the surfaces can be modified either before or during 
the tool making process. Surface modification is carried out by either coating the 
diamond surface with metals such as titanium, chromium, niobium, molybdenum 
or tantalum, or by a diamond particle's in-situ reaction with carbon solvents in the 
bond at elevated temperatures during the matrix sintering process (36). 
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Plate 1.6 Synthetic diamond particle shapes in a product range (35) 
(iv) Inclusions 
The inclusions in synthetic diamond particles, which are mostly metallic, become 
trapped during the synthesis process. They are either fine orientated inclusions as 
found in the product which is manufactured using the cobalt based synthesis 
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process or finely distributed as in the product resulting from the nickel based 
synthesis process. The presence of inclusions affect the properties and wear 
behaviour of the diamond particle (29). The inclusions are more compressible 
than diamond and under sufficient compressive loads, allow the diamond particle 
to locally deform, causing stress concentrations, which lead to fracture. This is 
particularly apparent when the inclusion is close to the diamond particle's 
surface. The thermal stability of the diamond particle is also affected since it is 
dependent on the size, shape, position and number of inclusions. 
1.4.4 Diamond particle wear 
Studies of the wear behaviour of diamond particles in a sintered matrix, referred 
to in Section 1.3, have shown that the duration that a given particle remains in 
each wear state (without significant wear, wear flatting and microfracturing) is 
dependent on the cumulative effects of the cutting forces. These forces include 
normal and tangential components as well as impact loading. In operation, the 
useful life of the diamond particle can be defined by the length of time it remains 
at its working height in each wear state. If a particle is selected with insufficient 
strength to withstand the effects of the cutting forces in an application, it will 
remain in the wear flat state for a short period only, and then rapidly microfracture 
reducing its height of protrusion from the matrix. Conversely, if a particle is 
selected having too high a strength for an application where the cutting forces are 
low, the particle will reach its working height and remain in the wear flat state for 
an extended duration, referred to as extended wear flatting , and ultimately 
become dislodged in that state as a result of matrix erosion. Should a high 
percentage of particles on the surface of a diamond tool be in the wear flat state, 
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the tool will effectively be blunt and stall. When this occurs it is unlikely that the 
tool will rapidly revert to the free cutting state under normal operating conditions. 
The wear mechanism indicator (see Figure 1.4) provides a relative ranking of the 
expected individual and cumulative durations of wear flat and microfracture wear 
states for each product under a range of load conditions. The indicator includes 
the extended wear flat state which is exhibited when the operating loads are 
below a critical value. 
The wear behaviour of synthetic diamond products having similar strengths but 
with different crystal structures can be compared by their breakdown response 
curves as shown in Figure 1.5. While some differences can be observed between 
the wear response curves of the two products, it is interesting to note the product 
produced using nickel based solvents has a greater tendency to extended wear 
flatting . 
1.4.5 Diamond concentration 
The industry refers to diamond grit concentration as the mass of diamond per unit 
volume of bond material. Diamond concentration is linearly scaled, with 100 
concentration being 4.4 carats per cm3 of bond material. Typical concentrations 
for diamond wire sawing range from 25 to 45, depending on the application and 
material type to be sawn. Decreasing the diamond concentration increases the 
load per particle for a given applied load, so it is important that concentration is 
considered in conjunction with the strength characteristics of the diamond product 
being used. Higher concentrations increase tool life but the increased number of 
cutting points increase the power requirements to drive the tool (25) . 
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Figure 1.5 Breakdown response curves for SDA 85+ and SDB 1085 (29) 
1.4.6 Characteristics of the diamond bond material 
The primary function of the bond matrix is to provide support for the diamond 
particles during their working lives. This is achieved by selecting a bond material 
that has sufficient strength to constrain the particles during operation while 
eroding at a rate which is compatible with the diamond loss.· 
The wear resistance of the bond metal must correspond to the abrasiveness of 
the workpiece in order to achieve the desired wear balance with the diamond 
particles being used. A bond metal having too high a wear resistance for the 
required application will not allow sufficient diamond particle protrusion and 
cause extended wear flatting, whereas bond metals having too high a wear 
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resistance will erode faster than the diamond loss and result in diamond particles 
being pulled out of the matrix prematurely. 
Bond metals based on copper, bronze, tungsten, tungsten carbides and cobalt 
are popular for diamond matrices for most sawing applications. The relationship 
between hardness and relative resistance to wear of popular bond metals has 
been determined in a vapour blast test (37). Matrix wear is also dependent on the 
amount of debris present and diamond wire sawing generally has a high silt 
concentration in the cut, compared to say circular sawing, as a result of the arc of 
contact with the workpiece material being typically much longer. For this reason, 
cobalt or cobalt bronze based bonds having a relatively high wear resistance are 
generally preferred. 
The retention of diamond particles is dependent on factors such as their shape 
and surface characteristics and the properties of the bond metal. The means of 
retention can either be purely mechanical by bond encapsulation, which occurs 
when there is no surface reaction between the diamond and matrix, or by 
chemical bonding where an atomic or braised type surface reaction takes place at 
the diamond bond interface. An atomic chemical bond occurs when a solid state 
chemical reaction takes place at the metal diamond interface, resulting in the 
formation of a thin carbide layer without degrading the diamond (38). The 
retention of the particle by the braising type of reaction is attributed to a liquid 
phase formation which wets the diamond and when it has cooled, firmly anchors 
the particle in place. The braise reaction is typically evident in the cobalt based 
bonds used for diamond wire beads. 
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1.5 Assessment of the effect of stone properties on diamond tool 
performance 
Diamond tools having sintered diamond segments are used in cutting and drilling 
of natural stone for architectural, monumental, decorative and engineering 
applications. Those commonly used in dimension stone1 applications can be 
classified basically by their constituents, into the following groups (39). 
(i) Siliceous rock which includes the basic rock group containing 45 - 52 % 
silica, including gabbro and basalt, the intermediate rock group containing 
52 - 66 % silica including syenite and the acid rock with more than 66 % 
silica and includes true granite. 
(ii) Calcareous rock containing significant amounts of calcium carbonate and 
includes metamorphisized deposits such as marble and sedimentary 
deposits such as travertine (tufa). 
With the realisation that the performance of a diamond tool is dependent on the 
material being worked, efforts were made to ascertain the properties of rock 
which facilitate its machinability and therefore influence the life of the tool. 
Research into the derivation of machinability indices for the materials commonly 
encountered in drilling and sawing applications was approached with the 
intention of addressing the specific characteristics of each of these applications. 
In studies of drill bit performance in different materials, investigations were made 
into the properties of rock which enabled the penetrating and cutting action of the 
I . The term dimension stone is used by industry to describe naturally occurring rock that is shaped into 
blocks, slabs and other units of specific configuration. 
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drill bit segment to take place. Efforts to derive a drillabality index were based on 
the rate of penetration in a given rock type for a particular drilling system. 
Paone and Bruce (40) in studies of penetration rates in eight different types of 
rock claimed that a relationship existed between the rate of penetration by a 
diamond core bit and the drilling strength of the rock, which at first approximation 
approaches the compressive strength of the rock. 
In measurements of the relationship between the drillability and physical 
properties of rock such as hardness, specific disintegration (volume of rock 
broken per unit input of work), Young's modulus and sonic velocity, Gstalder and 
Raynal (41) stated that the drillability of rock cannot be defined in an absolute 
manner by a single quantity or measured by a single test. However, rock 
hardness, which could be determined through mechanical means or from sonic 
velocity measurements, could be a useful quantity to predict drilling performance 
if consideration be given to the type of bit used and the drilling parameters 
employed. 
Singh (42) found that, in assessments of drillability using statistical regression 
analyses on results from tests with a microbit, no single physical or mechanical 
property of rock is directly connected to drillabil ity but postulated that the failure 
mechanism of rock is related to its hardness, strength properties, abrasiveness, 
grain size and shape and nature of the bond between individual particles. 
Fei , et. al. , (43) developed a groove cutting method to evaluate drillability. The 
apparatus consisted of an impregnated diamond test rod which was used to 
simulate the diamond drill bit. Using a set of experimental conditions, the test rod 
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is applied to the periphery of a core sample while it is being rotated, which 
produces a groove as shown in Figure 1.6. Rock samples were found to have 
groove depths which related to dri ll ing performance and it was concluded that this 
method was suitable as a means to determine the drillability of rocks. In addition, 
the wear of the diamond test rod could be determined from its reduction in mass 
as a result of the test and this could be used to indicate the abrasivity of the rock 
sample. 
Stone sample 
Figure 1.6 Drillability apparatus (43) 
Cassapi, Ambrose and Waller (44) investigated the performance of two drill bit 
designs in Swedish granite and sandstone. It was found that the diamond 
concentration affected the drill ing performance. The rate of pennetration of the 
drill bits appeared to be greatly influenced by both hardness and physical 
strength of the stone, whereas the abrasivity of the stone affected the cutting 
efficiency, through the wear of the matrix. The wear of the matrix influences the 
rate of new diamond exposure. 
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A number of tests were evaluated to determine the properties of stone which 
affect the performance of diamond circular saws. A practical test was sought to be 
able to predict diamond segment wear in the sawing of a particular stone 
workpiece and to rank stone in terms of its sawability. 
Copeman and Ford (45) realised that petrographical analyses of stone samples 
were inadequate in providing data on the sawability of stone but suggested that 
mineralogical factors such as the amount of free quartz present would have a 
bearing. 
In his work, Burgess (46) interpreted sawability as the life of the saw blade, 
cutting at a constant rate in various stone types. An attempt was made to 
correlate the wear of the circular saw blade segments with properties of 
workpiece materials. This was achieved by carrying out sawing tests on several 
types of granites for which the physical and mechanical properties were obtained. 
A Shore scleroscope was used to measure the hardness of the stone samples 
and an abrasion resistance test was developed which measures the ease of 
removing the surface of a stone sample with a dry rotating lap and loose 
abrasive. Based on the results of the sawing tests and incorporating the above 
parameters, a semi-empirical relationship was derived and a sawability ranking of 
stone was determined. 
Wright and Cassapi (47) ran circular sawing tests in different stone types and 
carried out an analysis on the mechanical properties of representative samples 
using the Shore scleroscope hardness test, the National Coal Board (UK) cone 
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indenter hardness test, the Carchar abrasiveness test and tensile and 
compressive strength tests. No meaningful correlation was found . 
In order to evaluate the sawability of stone, Wright and Cassapi set up a circular 
sawing test bed with load cells to measure the vertical and tangential forces 
produced from sawing. A direct relationship was found between the measured 
cutting forces and specific wear of the blade in the test materials. Based on these 
findings, they built a miniature circular saw apparatus, as shown in Plate 1. 7, 
which uses a disc with a rim of diamond electroplated to the perimeter, making it 
possible to take high resolution measurements of cutting torque, loads and blade 
speed. A reasonably close correlation of the measured normal cutting force or the 
work done in removing material (the area under the power vs. time curve, 
measured in watts I second) with blade wear was established for different stone 
types, thus providing a means of determining diamond wear of the blade 
segments in relation to sawability. 
After establishing that the Carchar test machine was inadequate for measuring 
abrasivity of different stones within the same group, Wright ( 48) developed an 
abrasivity test apparatus based on the Carchar test but by employing an enlarged 
bronze stylus which is traversed across the stone sample as shown in Plate 1.8. 
A good correlation was reported between the abrasivity values obtained from the 
wear area of the stylus (measured in mm2) and saw blade life for the stone 
samples tested. 
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Plate 1.7 Sawability apparatus (47) 
Plate 1.8 Abrasivity test apparatus (48) 
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1.6 Performance assessments of diamond wire sawing 
Reports on diamond wire sawing tests in the field (49)(50)(51) have provided data 
on the life of diamond wire and cutting rates achieved in various material types. 
Work has also been published on the effects of parameters such as wire speed 
and cutting rates on diamond wire life in laboratory conditions by the following 
authors. 
Tonshoff and Panhorst (52) studied the performance of diamond wire using 
diamond electroplated beads on an laboratory wire saw apparatus. It was found 
that the volumetric wear of the bead was approximately proportional to the 
relative cut depth in the granite test material. Relative cut depth was obtained 
from the proportionality of depth of cut at a measured point to the total depth of 
cut at the end of the cutting element's life. It was also found that the cutting forces 
and wear of the cutting elements increased with increasing feed rates. 
In experiments on stationary wire sawing of granite, Wright (53) found that 
diamond wire life reduces with increasing cutting rates, with the trend becoming 
more pronounced as the length of cut reduces. In agreement with Tonshoff (52) 
the horizontal cutting forces (acting along the length of the wire) were found to be 
approximately a factor of ten below the corresponding vertical forces (acting in 
the normal direction on the wire). Both vertical and horizontal cutting forces were 
found to increase with cutting rate over an equal length of cut. Within the 
constraints of the machine, the life of the diamond wire was found to improve as 
the cutting speed was increased between 20 and 32 ms·1. 
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In laboratory evaluations of diamond wire bead performance, Bortolussi et. al. 
(54) found that both cutting rate and specific wear increase with load. High cutting 
rates were accompanied by accelerated wear with a resulting loss of bead 
productivity. The cumulative bead mass loss and cumulative area cut showed a 
diverging trend when tested under different loads. Specific wear of beads were 
found to increase with load. For a given applied load, average specific wear was 
found to be approximately constant, except when the bead is new and the initial 
layer of bond is removed and towards the end of a bead's life, where the wear 
rate rises considerably. 
1. 7 Diamond wire rotation 
In order to obtain the optimum life from diamond wire, it is necessary for the 
diamond beads to wear concentrically and evenly around their periphery. This is 
achieved when the bead's diamond matrix is homogeneous and the entire surface 
of the bead gets an equal exposure to the workpiece material. The only way this 
is possible with diamond wires where the beads are fixed to the cable by, for 
instance, vulcanised rubber or injection moulded plastic, is for the wire to rotate 
about its polar axis. 
Diamond wire rotation is caused by applying a torque to the wire loop during 
operation. This is achieved by a deliberate misalignment in the system and in the 
case of stationary wire saws, the pulleys are offset by a few degrees (55). On the 
stationary wire saw, the pulley from which the wire exits, holds the wire while the 
receiving pulley induces a torque which causes the wire to rotate. This is a 
progressive action which is repeated on the upper and lower sides of the pulleys 
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as they rotate. The effect is shown in Figure 1. 7 where the force Ft induced by 
the tension of the wire can be divided into two components, F s the side thrust 
and Fr the force which induces the torque on the wire about the diamond bead 
radius. 
To improve the life of diamond wire, some tool manufacturers recommend twisting 
the wire a number of turns per unit length in the direction of the lay of the wire 
cable prior to joining (57) and it was felt that this assists wire rotation (58). 
Fs 
Figure 1.7 Force diagram for diamond wire entering a stationary diamond wire saw pulley 
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CHAPTER2 
PERFORMANCE RELATED ASPECTS OF THE SINTERED DIAMOND MATRIX 
2.1 The wear behaviour of diamond in wire beads 
A number of similarities have been observed in the wear behaviour of diamond 
particles in sintered bond matrices in circular sawing, drilling and grinding of 
natural stone. While the diamond particles and bond system used in wire sawing 
beads has been developed using similar constituents and manufacturing 
techniques to other metal bond diamond tool segments, the contact profile and 
load cycles are different. A study was carried out by the author on diamond wire 
beads to ascertain the wear states of diamond particles in wire sawing against 
the background of diamond particle wear studies in the other applications 
mentioned above. 
2.1.1 Diamond wear states 
Diamond wire samples were obtained from quarries in the Bushveld Complex of 
South Africa, producing a light coloured gabbro from the Rustenburg area 
(referred to commercially as Impala granite). Beads were separated from the 
diamond wire samples and individual diamond particles were studied under a 
scanning electron microscope. The following wear states were evident. 
(i) Diamond particles without significant wear 
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Diamond particles were observed which had emerged from the matrix but clearly 
below the working height of neighbouring particles, with no comet tail visible as 
shown in Plate 2.1. Particles exhibiting good edge definition which had reached 
the working height, displaying the typical matrix supporting comet tails were also 
evident, as shown in Plate 2.2. 
Plate 2.1 
Plate 2.2 
Diamond 
Bond matrix 
Emerging diamond particle 
Good edge definition 
Supporting comet tail 
Diamond particle at its working height showing good edge definition and 
supporting comet tail 
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(ii) Diamond particles with wear flat 
Diamond particles in varying stages of wear flatting were evident. Some 
examples exhibited corner fracturing while others had microfractured to an 
extent. Where extended wear flatt ing was observed, in a number of cases it was 
associated with surface striations running in the direction of travel as shown in 
Plate 2.3. 
Surface striations 
Plate 2.3 Diamond particle exhibiting extended wear flatting and showing surface 
striations in the direction of travel 
(iii) Microfractured diamond particles 
Diamond particles in varying states of microfracturing were seen on the bead 
samples. Plate 2.4 shows the early stages of a microfracture which has been 
initiated by a chip in the edge of a diamond particle. Plate 2.5 shows a diamond 
particle which has microfractured but a portion of the particle is still at the 
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working height above the matrix. Plate 2.6 shows a particle which has almost 
completely broken down through microfracturing, leaving a small protrusion of 
the diamond above the matrix. 
Plate 2.4 
Chip showing the start 
of a microfracture 
Early stages of microfracturing initiated by a chip in the edge of the diamond 
particle 
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Advanced microfracturing 
Plate 2.5 Advanced stages of microfracturing of a diamond particle 
Completely microfractured 
diamond particle 
Plate 2.6 Almost complete breakdown of a diamond particle as a result of microfracture 
(iv) Hole in the matrix left by diamond pullout 
Plate 2. 7 shows evidence of a diamond particle lost through pull out from the 
bead matrix, leaving an impression of its profile in the bond. 
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Hole in the matrix 
Plate 2.7 Imprint left in the matrix by particle pullout 
2.2 Diamond wear progression 
Beads from diamond wires that had exhibited a free cutting action were 
compared with beads from diamond wires whose performance had deteriorated 
to the extent that the cutting action was significantly retarded (see Plates 2.8 and 
2. 9) . The following obser ations were made. 
(i) The bead samples which had exhibited a free cutting action had a 
predominant number of diamond particles either with no significant wear 
or in some stage of microfracture. Only a few diamond particles were 
observed in purely the wear flat state and very little evidence of pull out 
was observed in the bead samples studied. 
(ii) The bead samples which had exhibited poor performance had a large 
percentage of diamond part icles in the extended wear flat state and a 
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high number of pull outs. This resulted in fewer diamond particles on the 
surface of the bead. 
(iii) The average working height of particles appeared significantly lower in 
the bead samples which had performed poorly to those in the beads 
which were free cutting. The diamond particle protrusions however, were 
not measured. 
Plate 2.8 
Plate 2.9 
Surface of a bead having a free cutting action 
Bead surface showing extended wear flatting of diamond particles 
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It is evident from our study that diamond particles in wire beads exhibit similar 
wear states to those investigations mentioned in the literature. However, as the 
study was based on an arbitrary point in the life of each diamond particle in a 
wire sawing application, any differences in the duration of each wear state in the 
different applications, which has relevance to the overall life of the particle, was 
not revealed. Based on the observed particle wear states in diamond wire beads, 
two particle wear progressions are likely. 
(i) Under operating conditions of suitable severity to maintain a free cutting 
action, diamond particles progressively emerge from the matrix and reach 
working height, undergo a wear flat phase and eventually start to 
microfracture leading to particle breakdown and loss from the matrix. 
(ii) When the operating conditions are not sufficiently severe to maintain a 
free cutting action, diamond particles progressively emerge from the 
matrix and reach working height at which stage they start to wear flat. The 
particles at the working height progressively wear flat and remain in that 
state for an extended period. This reduces wear of the matrix and retards 
the emergence of new diamond particles. Eventually the particles are 
pulled out of the matrix in the extended wear flat state or in some stage of 
breakdown. 
2.3 Diamond retention 
Ideally, diamond particles should remain in the matrix until they have reached an 
advanced stage of breakdown. One of the causes of premature pull out of 
diamond particles is poor encapsulation by the bond. A number of beads were 
studied to evaluate the retention of diamond particles by the bond. 
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While the encapsulation of most particles in various states of wear appeared 
acceptable, shown by the bond contact with the diamond particle in Plate 2.10, 
some evidence of poor bonding was identified, as depicted in Plate 2.11 . The 
poor bonding shown here may have been due to a low bond sintering 
temperature during manufacture and may not necessarily be as a result of the 
bond materials used. However this cannot be excluded and would certainly result 
in premature diamond particle loss, thereby reducing the life of the too l. 
Plate 2.10 Diamond particle showing good retention by the bond 
Plate 2.11 Poor retention of a diamond particle by the bond 
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CHAPTER 3 
THE INFLUENCE OF NATURAL STONE PROPERTIES ON 
DIAMOND WIRE PERFORMANCE 
3.1 The calculation of chip thickness 
The removal of stone by diamond in a sintered matrix is effected by a progressive 
scratching sequence of the workpiece at high speed by a perplexity of diamond 
particles which are statistically distributed on the matrix surface of the tool. An 
important factor in the mechanics of cutting is the thickness of chip which is 
produced by each cutting point. With a number of indeterminate cutting edges, an 
equivalent chip thickness can be found from the kinematic quantities of the tool's 
cutting velocity, the cutting rate and the length (or depth) of the cut. 
By equating the rate at which material is removed from the workpiece, referred to 
as the external removal rate, to the rate at which the tool is able to cut the 
material, referred to as the internal removal rate, the equivalent chip thickness 
can be found. If the external removal rate 
Z e = b • lw • Vw .. ........... .... ...... ...... ... ........... ....... .... ...... ................ 3 .1 
and the internal removal rate, for a linear movement of the tool , 
Zi = heq • b • V 8 .... . ..... .. . .... . . . .. .. ... ....... . ... . ... • . . . .. .......... ... . .. . . .. . ...... 3.2 
then b · 1 w • v w = heq · b · vs 
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or h eq = ~: • lw ..... .. ..................... .... .............. ... .... .. ... ... ..... .... ....... 3.3 
where 
h eq = equivalent chip thickness 
b = breadth of cut 
lw = the length of cut 
Vw = feed rate 
Vs = tool speed 
If the cutting action of each particle is considered individually, the mean ch ip area 
per particle as shown in Figure 3.1 can be expressed by 
where 
= 
= 
be · he ....... ......... ...... ........ ....... .. ............ ... .. ..... ... .. ... .. .... ... .. ... .. .. ... 3.4 
the mean chip thickness per particle 
the mean chip width per particle 
If C is the number of working particles per unit surface area of the tool, then the 
mean chip area per unit surface area can be given by the expression 
C • be • he .. ......... .. ......... ......... .... ..... ... ...... ....... ..... .... ... ....... .. .... .. 3.5 
For a segmented tool , the effective contact area with the workpiece over the 
length of the cut, as shown in Figure 3.2, can be given by 
!: · lw · b ............ ...... .............. ..... ..... .... .... ...... ... .. ......... ...... ..... .... 3.6 
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where 
= 
= 
the segment length 
the segment pitch 
The mean chip area for the effective contact area of the tool can be determined 
by combining expressions 3.5 and 3.6 and it follows that the equivalent chip 
thickness 
- - ls 
heq = C ·be ·he ·I· lw··· ··· ·· ········ ········ ··· ··· ···· ········ ··· ······ ·· ···· ·· ··3. 7 
Substituting equation 3.7 into 3.3 gives 
- - ls Vw C · be • he • - • lw = - • lw It Vs 
or 
Vw •It he =-----..... ..... ..... ........ ........... ..... ...... .. .. ... ..... .... .... ... .. 3.8 
C ·be ·ls • Vs 
If r is the ratio of the mean chip width be to mean chip thickness he, then 
equation 3.8 can be written as 
Vw •It 
I C (after Tonshoff and Warnecke) .... .... ..... .. . 3.9 Vs• s • • f 
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Figure 3.1 Mean chip thickness he 
and mean chip width be 
---lw---
Figure 3.2 Segment length ls.segment 
pitch It and length of cut lw 
3.2 The relationship of chip thickness to operating conditions for 
diamond wire sawing 
Calculations were made to obtain theoretical chip thicknesses for selected 
operating conditions on a stationary diamond wire saw. Recommended cutting 
rates and wire speeds for three chosen materials were used (56) and the ratio r of 
the mean chip width to mean chip thickness was taken from the estimated value 
by Tonshoff and Warnecke (25). The number of working particles per unit area 
was based on calculations by Cai (59). The relationship between the mean 
particle chip thickness and operating variables is given in Appendix 2 and 
summarised in Table 3.1. 
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Stone type Yw It Vs ls C** r* 
mm min·' mm ms·' mm 
Rustenburg Grey (gabbro) 17.8 20 26 5 1.2 10 
Belfast Black (gabbro) 14.4 20 24 5 1.2 10 
African Red (granite) 10.0 20 20 5 1.2 10 
* (after Tonshoff and Warnecke) ** (after Cai) 
Table 3.1 Relationship between chip thickness and diamond wire sawing operating 
conditions for different siliceous stone samples 
-
he 
µm 
0.45 
0.43 
0.38 
For each stone type, a certain diamond wire speed and cutting rate is required to 
achieve an optimal tool life. The cutting rate is determined by the stone's 
machinability which is influenced by the characteristics of its mineral constituents, 
and together with the length of cut, determine the diamond wire feed rate. As the 
stone type becomes more difficult to cut, the feed rates and wire speeds generally 
decrease. This has the effect of a reduction in chip thickness corresponding to 
the reduction in feed rate which is partially offset by an increase in chip thickness 
corresponding to the reduction in wire speed, according to the relationship 
defined in equation 3. 9 . 
3.3 The evaluation of natural stone properties which affect diamond 
wire life 
As with diamond drilling and circular sawing, a practical method was needed to 
evaluate the properties of stone which affect the life of diamond wire. Based on 
the work carried out on drillability, sawability and abrasivity it was decided to use 
the sawability apparatus in the assessment of stone properties which affect 
diamond bead wear, for the following reasons. 
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(i) The diamond electroplated disc used for the sawability tests is not as 
sensitive to influences of the bond matrix as say the diamond test rod 
used for drillability assessments, so better repeatability was expected. 
(ii) The sawability test has been designed to mimic circular sawing, and while 
the load cycles experienced by the diamond particles differ from those for 
diamond wire sawing, it was considered not to have a significant effect on 
the results considering the comparative nature of the test. 
(iii) The sawability apparatus is quick and easy to use and requires only a 
small sample of stone. 
The effects of debris as a result of the cutting action, which is expected to be of a 
higher concentration in the cut for diamond wire sawing than for circular sawing, 
would however not be adequately highlighted by the sawability test. The 
abrasivity test was therefore also considered for determining a relationship 
between the wear of the diamond bead matrix and different stone types. 
Diamond wire sawing tests were carried out on selected stone blocks on a 
stationary wire saw. A comparison was made between the diamond wire life, 
measured in square metres sawn per metre of wire consumed, in each stone type 
tested and their sawability and abrasivity values. In order to minimise the effect of 
different lengths of cut, the stone blocks used were of similar length. Cutting 
parameters were optimised in each case and data was collected from one 
diamond wire type for each stone group. For the sawability and abrasivity tests, 
ten readings were taken in each case and the mean found for each stone sample 
tested. The results are shown in Appendix 3 and summarised in Table 3.2. 
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Material description Material type Diamond Mean Mean 
wire life sawability abrasivity 
(m2 m·,) value (w s ·1) value (mm2) 
White Rhino Marble 41 .2 134.40 1.21 
Light Plaisandro Marble 34.4 185.35 1.03 
Rustenburg Grey No rite 12.6 216.55 2.84 
Belfast Black granite Gabbro 10.1 229.80 2.50 
Bitterfontein Green granite True granite 9.4 247.15 2.87 
Zimbabwe Black granite Gab bro 9.0 308.45 1.93 
Juperana True granite 6.2 311.00 2.94 
African Red granite True granite 6.0 315.95 3.07 
Table 3.2 Diamond wire life vs. mean sawability and abrasivity values of siliceous and 
calcareous stone samples 
3.3.1 Analysis of sawability and abrasivity test results 
In order to establish a relationship between the sets of variables, the sawability 
and abrasivity values were plotted against diamond wire life for each stone 
sample as shown in Graphs 3.1 and 3.2. 
Graph 3.1 
-lL! 
~ 
300 .... 
~ 250 .... 
:.c 
RI 
3: 
::: 200 .... 
c 
RI 
~ 
150 .... 
0 5 10 15 20 25 30 35 40 45 
llamond w ire life (sq.m'm) 
X - Y scatter graph of sawability vs. diamond wire life for siliceous and 
calcareous stone samples 
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Graph 3.2 
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Diarrond wire life (sq. rrJm) 
X - Y scatter graph of abrasivity vs. diamond wire life for siliceous and 
calcareous stone samples 
A regression analysis was carried out on the data for the stone samples in Table 
3.2 and the reliability and the correlation of the sawability and abrasivity values 
with diamond wire life determined. The results are given in Appendix 3 and 
summarised in Table 3.3. 
Table 3.3 
Sawability Abrasivity 
R2 value 0.77 0.79 
Correlation coefficient -0.88 -0 .89 
R2 value and correlation coefficient of sawability and abrasivity with diamond 
wire life for siliceous and calcareous stone samples 
The proximity of the R2 valu~s to 1 for sawability and abrasivity show adequate 
reliability of the data for the set of siliceous and calcareous stone samples when 
considered together and reasonable negative correlations of sawability and 
abrasivity with diamond wire life are similarly demonstrated. However, when the 
R2 values and correlation coefficients are calculated for just the siliceous stone 
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samples, the sawability data shows reasonable reliability with a good correlation 
but the abrasivity data appears unreliable with poor correlation, as shown in 
Appendix 3 and summarised in Table 3.4. 
:·· .. ;·:. :·:·::::· · ·::~·: .. .. ·::·:::.:· ... : ·; .. :::: : :-; : : .. ·-: "·:: . -:: :::· . ": :.. :: :· · ·::·1 
. ·-::: ·: · .. -.·: .:;:: ..... ::;·.:" ":·: .· .. '.::: .. · . . · : . . '. . ·:. ·: .. . : Sawability Abrasivity 
.... . : -~ ... :· .. :.: .. ::.- .. : ... :::<. ··:: .. ~ =.: ... : .. ;. ::.::::" .... :: ... :.. . . " .. : .:.:'..:! 
R2 value 0.78 0.08 
Correlation coefficient -0 .88 -0 .28 
Table 3.4 R2 value and correlation coefficient of sawability and abrasivity with diamond 
wire life for siliceous stone samples 
Based on these findings, the sawability apparatus could be used in determining 
the sawability characteristics of stone for diamond wire sawing but the reliability 
of the abrasivity test on its own for this application is suspect, particularly when 
considering different stone types within a group. The poor correlation may be 
explained by the fact that the test only measures the abrasivity of stone in its 
constituted state and does not take into account the abrasive effect of the loose 
debris in the cut on the bead matrix. 
These tests however, only portray the characteristics of stone which influence 
tool performance and therefore can only be used as a guide in the overall 
determination of diamond tool life. 
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CHAPTER4 
THE MECHANICS OF DIAMOND WIRE SAWING 
4.1 Diamond wire sawing modes 
To effect diamond wire sawing, diamond wire is threaded around the periphery of 
the material to be cut and joined into a loop. The loop is rotated and traversed 
through the material in a controlled manner by varying the wire tension in the 
cutting plane. The configuration is set up depending on the appl ication, the size 
of cut, the available space and desired result. Two basic modes of cutting are 
used: 
(i) Pull cutting, which is found predominantly in stone quarries and 
construction applications, uses a single drive pulley configuration. In 
quarries where the material to be cut forms part of a solid rock formation, 
two, normally perpendicular intersecting holes are drilled, through which 
the diamond wire is threaded. Any number of combinations between the 
vertical and horizontal dimensions of the cutting plane and the pulley 
centre distance are possible within the system's strength and drive power 
limits. Guide pulleys are sometimes used to stabilise the wire or to change 
its direction of travel. In quarry applications, this mode of cutting is 
characterised by the length of cut which continuously reduces as the cut 
progresses, as shown schematically in Figure 4.1. 
(ii) Push cutting is used predominantly in the stone yard for block slabbing 
and squaring. Two (or sometimes four) pulleys are used to rotate and 
traverse a loop of diamond wire through a stone block, as shown 
schematically in Figure 4.2. One of the pulleys is used to drive the loop 
while a second rotates freely and maintains a tension on the wire. For 
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regular block sections (which are commonly encountered), once the wire 
contact has stabilised in the workpiece material during the initial stage of 
the cut, the length of the cut is characterised by an arc of contact having a 
large radius. In regular sections, the length of cut remains fairly constant 
until the exit stage of the cut is reached. 
Machine 
traverse 
Figure 4.1 
Figure 4.2 
Drive 
pulley 
Diamond wire 
Schematic diagram of the pull cutting system 
Machine 
traverse 
Rock panel 
Diamond wire Driven 
pulley 
··- - - ·- - -·-·-1·-·----- - · - · 
nsion 
Stone block 
Schematic diagram of the push cutting system 
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4.2 Dimensions of the cut for stationary wire sawing 
4.2.1 Determination of the length of cut 
For push cutting applications, the length of cut le and radius of cut r can be 
determined directly from the geometric equations of arc length and radius (see 
Appendix 4) . The length of cut 
n · r ·a le= 180 ................ .... ........ ... .. ........ ... ...... .... .... ............................. .. .. 4.1 
where 
a = the circular segment angle defining the arc of contact 
and the radius of the cut 
where 
c2 + 4hy 
r = 8h1 .. .. ... ......... .... ........ ............. ................... .......... .. ........ ..... ..... 4.2 
= 
= 
the width of the block 
the height of curvature 
By substituting equation 4.2 into 4.1, the length of cut can be found in terms of 
the angle of the circular segment and the height of curvature of the arc, which 
gives 
n · a( c2 + 4hy) 
le = 1440h1 ...... ... .. ..... ..... .... .. .. ............. .... ......... .. ... .... .. ... .. .. ... . 4.3 
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From the trigonometric relationship in Figure 4.3, it can be shown that the wire 
deflection angle 
and equation 4.3 may now be written in a more convenient form 
n · ¢( c2 + 4hi) 
le = 720h1 ........... .... ........... ...... ....... ........ .... ... ......... ...... .. ..... . 4.4 
c 
diamond wire 
Figure 4.3 Arc of contact for push cutting systems 
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4.2.2 Determination of the area sawn 
If the cutting plane of the workpiece can be defined by the bounds of a regular 
geometric shape, the area sawn can be readily determined. In the case of a 
rectangle, once the cut has reached a steady state with a height of curvature h1, 
the area sawn is the rectangular area c . h 1 less the area under the arc of cut 
(refer to Figure 4.3 and Appendix 4), 
r ·le - c(r- h1) 
a 1 = c · h 1 - 2 .......................... .. .. .. ...... .. ..... ........ .... ....... 4.5 
and for any subsequent cutting, the total area cut 
where 
a c = c . h2 + a1 ... .. ........ .. ... .. .. .. ............... .......... ........ .. .. .. ....................... 4.6 
= the depth of cut from the top of the block to the apex of the cut 
curvature. 
4.3 Dimensions of the cut for quarry wire sawing 
The determination of the exact dimensions of the cut in quarry wire sawing is 
complex due to the number of possible set-ups which determine the cutting 
geometry. However, the approximate length of the cut and area sawn can be 
determined if the cutting plane and the arc of contact of the diamond wire with the 
rock can be geometrically approximated. 
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4.3.1 Determination of the length of cut 
If it is assumed that the cutting arc has a constant radius r c and for the greatest 
duration of the cut, re> the drive pulley radius (see Figure 4.4a). The length of 
the arc can be determined from the equation 
1 = n · fc(l80 + ¢) c 180 ..... .... ... .. .. ........ ..... .............. ..... ..... .. ... ... .. .. ... ... ..... . 4.7 
where 
= the diamond wire cutting angle 
If we let the centre of radius of the cut from the rock face be Ii then 
h = c~~¢ .. ... .. ... ........ ... ... .... ... ... ....... ..... .. ...... ......... .. ... ... .. .. ..... .. ......... .4.8 
and it follows that 
13 = fc tall¢ .. ........ .......... .......... .. ..... .. .. ..... .... .......... .... ..... .. .. .... .... .. .. ... . 4 .9 
The overall length of cut can be determined from 
1 n · r c(l 80 + ¢) 11 A. 
= I+ 180 + COS tP - f ctatl 'I' ...... ........ .. ....... .. ... ............ . 4 .10 
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Figure 4.4 Schematic diagrams of the pull cutting system for a pulley radius <the radius 
of cut 
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Towards the end of cut, when the radius of the cut < the drive pulley radius, the 
overall length of cut can be similarly calculated. From Figure 4.Sa, lengths 
1 
_ n · f c{l80- r/J) 
c - 180 
1 - 11 and 2 
- cos rjJ 
The overall length of the cut can be found from 
or 
n · f c{l80-r/J) 11 
lt =Ii + 180 + cos rjJ + rctan rjJ ......... .. ...... .. ... ..... ..... ......... .4.11 
4.3.2 Determination of the area sawn 
The overall area to be cut can be determined by dividing it into easily definable 
geometric shapes. For re ~ the drive pulley radius, (Figure 4.4b) 
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li(2h1+11 tan¢) 
= 2 ....... ....... ... ....... ...................... .. .... ....... ....... .. .. .. .... 4.12 
where 
= the separation height of the wire at the rock face. 
The area of the circular sector (Figure 4.4c) 
n · r2(180 + ¢) 
a2 = 360 ......... .. .. ........... .... ................ ..... ....... .. ... .. ..... ...... ... 4.13 
and the triangular area (Figure 4.4d) 
r2 tan¢ 
= 2 ............... ........ .... ....... ....... .. .. ....... ....... .. .... .. .. .... ..... ... .... ... 4.14 
The overall area to be cut (Figure 4.4a) is therefore 
li(2h1 +11 tan¢) n·r2(180+¢) r2tan¢ 
= 2 + 360 - 2 ........ .... .... ... ....... .. .4.15 
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LO 
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Schematic diagrams of a pull cutting system for a pulley radius > the radius of 
cut 
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When the radius of the cut < the drive pulley radius, from Figures 4.Sb, 4.Sc and 
4.Sd, the areas to be cut can be divided into 
Ii (2h i - Ii tan ¢) 
a1= 2 .... .. ...... ......... .................. .. .. .......... ... .... ... ...... .. 4.16 
n · r2(180- ¢) 
a1 = 360 ........................ ...... .............. .. ...... ..... .. .. ... .. .. ........ 4.17 
and 
r2 tan¢ 
aJ = 2 .... .. ... ...... .... .... .. ...... .. ........ ...... .................... ........... .... .... 4.18 
The overall area to be cut can be determined from 
or 
11(2h1 -11 tan¢) n·r2(180-¢) r2tan¢ 
at = 2 + 360 + 2 .... ..... ............. .. .. 4.19 
If hp and lp are the height and length of the panel to be cut respectively, it 
follows for either equation 4.15 or 4.19, the area sawn 
ac = hp . lp - at .... .. .... ...... .. ........ ...... ...... ......... ...... ...... .. .. .. .. ..... .. ...... .4.20 
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4.4 The determination of forces acting on diamond wire beads over a 
constant cutting radius 
The forces acting on a given diamond wire bead are dependent on the tensions 
of the wire on each side of the bead and the angular deflection of the wire with 
the bead's polar axis, as shown in Figure 4.6. If we let 8 be the angle between 
the wire and bead's polar axis at its leading edge and p be the angle between the 
wire and the bead's polar axis at its trailing edge, then for the cutting geometry 
shown in Figure 4.3, as the bead enters the cutting arc, e is determined by the 
dimension of the cutting radius and p = 0. For a constant cutting radius, wire 
angles e = p and at the exit of the arc, the bead's leading wire angle, e = 0 with 
p determined by the dimension of the cutting radius. 
Figure 4.6 
Diamond bead 
TncosO 
m 
Direction of travel 
.... 
Normal load axis 
Tangential load axis 
Force diagram for a diamond wire sawing bead 
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If we resolve the normal forces acting on a wire bead on the cutting arc, we get 
the general expression 
2 T . 8 T . p m·v 
n Sill +ill+ (n+l) Sill - f c . ... .... . ... . .......... . . . .. . .... . . . . . . . . . . . . . . . .. .. .4.21 
• 2 
where is m r cv the centrifugal force acting on the bead assembly at a linear 
velocity v over the radius of cut r c 
and 
= 
= 
= 
the tension of the wire on the bead's leading edge and 
the tension of the wire on the bead's trailing edge 
the mass of the bead assembly for one bead pitch 
By resolving the components of the forces along the polar axes of a bead on the 
cutting arc, a general equation can be derived for wire tension across the bead. 
where 
µ 
2 
T n cos e = µ(T n sine+ m + T (n+I) sinp- m; CV ) + T (n+I) cos p .... ... .4.22 
= the coefficient of friction of the bead with the workpiece 
material 
Considering all the beads along the length the cutting arc, an equation can be 
derived for the tension of the wire 
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where 
= 
= 
.. .... .. ... .... ... ... ... .... .... ..... 4.23 
the tension on the tight side of the wire between the drive pulley 
and bead 1 exiting the cutting arc. 
the tension on the slack side of the wire for bead s entering the 
cutting arc. 
It follows therefore from equation 4.23 that the tension of the wire reduces 
progressively over the length of curvature of the cut from T1 to Ts. A bead 
traversing over the length of curvature of the cut of constant radius will 
experience a normal force defined by Ts and Ts.1 in equation 4.22 as it enters the 
curvature, which will progressively increase to a force defined by T1 and T2 as it 
exits the curvature. 
While the approximation of a constant radius holds for most stationary sawing 
applications, in quarrying applications the cutting arc typically has an increasing 
radius towards the exit of the cut which tends to reduce the difference in normal 
forces experienced by a bead between entrance and exit of the cutting arc. 
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CHAPTERS 
THE EFFECTS OF DIAMOND QUALITY ON DIAMOND WIRE PERFORMANCE 
5.1 Conditions affecting diamond bead wear 
In the assessments of diamond wire performance discussed earlier, it has been 
shown that the wear of diamond wire is related to parameters such as load, 
cutting rate, linear velocity, the type of workpiece material and the length of cut. 
The performance of diamond wire also depends on its design and the 
constituents of its bead matrix. The performance is primarily dictated by the way 
the diamond particles and bond material in the diamond matrix wear. A free 
cutting action occurs when a suitable wear balance is achieved between the 
diamond and the bond, allowing the various wear states of each diamond particle 
to progressively occur. The wear mechanism indicator (Figure 1.4) shows that 
different diamond grades within a product range, have different wear 
characteristics and life expectancies. 
5.2 Diamond bead test apparatus 
Based on these wear characteristics, a study was carried out to investigate the 
effects of different diamond grades on diamond wire performance. A single bead 
test apparatus was designed and built to enable different beads to be tested 
individually under laboratory conditions. The apparatus was configured to 
facilitate the following. 
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• A desired load or feed rate could be accurately applied to a bead during 
cutting. 
• Cutting forces could be measured, providing real time traces of the cutting 
dynamics. 
• The bead could be rotated during operation to allow torque measurements to 
be taken or indexed at a desired rate to ensure even wear of the matrix around 
its periphery. 
• Matrix wear could be determined accurately by measuring the bead mass (or 
volumetric reduction). 
• Microscopy evaluations of a bead's surface could be undertaken at desired 
stages during a test. 
The apparatus consisted of a shaft onto which a diamond bead was mounted and 
secured by a spacer tube and lock nut. The shaft was free to rotate in bearings 
mounted in a bracket assembly. The assembly was mounted onto a cutting tool 
dynamometer so that forces normal to the cutting surface and along the direction 
of cut of the bead could be measured. The cutting tool dynamometer in turn was 
fixed to the base of the tool post of a workshop lathe (Plate 5.1 ). 
A constant load or a constant feed rate could be applied to the bead by either 
bolting the bracket assembly directly onto the cutting tool dynamometer and 
traversing the tool post at the required rate towards the stone sample or by 
mounting the bracket assembly onto a pivot arrangement which enabled load to 
be applied to the bead by a calibrated spring scale. With this configuration, the 
in-feed rate of the tool post is set to coincide with the cutting rate of the bead. 
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Bracket assembly 
Rotating shaft 
Cutting tool dynamometer 
Plate 5.1 Single bead testing apparatus 
Diamond bead 
Pivot 
arrangement 
Calibrated 
spring scale 
Tool post base 
A pair of charge amplifiers were used to excite two axes of the cutting tool 
dynamometer and to provide voltage signals which were captured by a storage 
oscilloscope. Samples of Rustenburg gabbro measuring approximately 41 cm in 
diameter and 10 cm thick were used for the tests. The sample was clamped 
between two wooden discs by the lathe end stock and chuck and constrained by 
the chuck jaws. 
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Start up effects were minimised by running each bead in the test material for 2 
minutes under low load conditions to ensure ample diamond exposure. Adequate 
surface contact between the bead and the stone samples was ensured by cutting 
grooves of 5,5 mm radius into circumferences of the stone. 
5.3 Diamond selection 
Performance tests were carried out on three types of beads each containing a 
different grade of synthetic diamond grit. Diamond grit of 40/50 US mesh size at 
35 concentration in a cobalt bond was used, which is a typical diamond bead 
matrix specification for the type of stone used. The diamond grades were 
selected from the De Beers SDA+ products manufactured using cobalt based 
solvents. Selection was based on the relative strengths and wear characteristics 
shown in the wear mechanism indicator (Figure 1.4). 
• SDA 100+ which is a product containing crystalline diamond particles with 
good edge definition and blocky shape as shown in Plate 5.2a. The particles 
exhibit good relative strength and thermal stability factors of 8, 8 and 7 at room 
temperature, 900 and 1100 degrees Celsius respectively. 
• SDA 85+ which exhibits a good crystalinity and contains blocky crystals as 
shown in Plate 5.2b. The product has a lower strength relative to SDA 100+ 
and is not as thermally stable with factors of 7, 7 and 5 at room temperature, 
900 and 1100 degrees Celsius respectively. 
• SDA 75+ which contains fewer cube-octahedral shapes than the above two 
products but the particles generally exhibit reasonable crystallinity as shown in 
Plate 5.2c. The relative strength and thermal stability of the product are lower 
with factors of 6, 6 and 4 at room temperature, 900 and 1100 degrees Celsius 
respectively. 
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Plate 5.2a SDA 75+ 
synthetic diamond 
Plate 5.2b SDA 85+ 
synthetic diamond 
5.4 Performance test results 
5.4.1 The measurement of cutting forces 
Plate 5.2c SDA 100+ 
synthetic diamond 
Tests were carried out to establish the relationship between the normal force 
resulting from the applied load and the tangential force as a result of the cutting 
action of the bead (Figure 4.6). The applied load range was based on the average 
load per bead determined from diamond wire performance measurements (53) and 
laboratory bead testing (54). Graph 5.1 shows the relationship of the forces 
determined from the oscilloscope traces tabulated in Appendix 5. Tests were run at 
20 ms-1 cutting velocity. Tap water at a flow rate of 0,6 litres per minute was used as 
the cutting fluid. 
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Tangential force (N) 
3 
2,5 
2 
1,5 
0,5 
0 
0 5 10 
Normal force (N) 
15 20 
Graph 5.1 The relationship between normal and tangential forces on a diamond wire bead 
It can be seen that a linear trend exists between the normal and tangential cutting 
forces. The tangential force in relation to the corresponding normal force is 
slightly higher in single bead testing than that measured in stationary wire sawing 
(52)(53). However the results from these wire sawing tests depict the averaged 
force components on the beads in contact with the workpiece and not the 
absolute values on each bead. 
5.4.2 The effect of cutting velocity on diamond bead wear 
Tests were carried out to assess the effects of diamond grade on bead wear over 
a range of cutting velocities. A bead was run at a given velocity for 16 minutes in 
the stone sample with an applied load of 9 N. To ensure even wear of the 
diamond matrix, the shaft containing the bead was indexed through 90 degrees 
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every 15 seconds during operation The results of the bead wear rates (see 
Appendix 6) in relation to cutting velocity are shown in Graph 5.2. The small 
errors in velocity due to the reducing cutting diameter were not taken into 
account. 
Wear rate (mg/min) 
12 .----~~~~~~~~~~~~~~~---. 
10 
8 SDA 75+ 
-
6 SDA 85+ 
-SDA 100+ 
4 
-
2 
15 20 25 30 
Cutting velocity m/s 
Graph 5.2 Diamond bead wear rates in relation to cutting velocity 
Lower wear rates were achieved by the diamond beads containing higher quality 
diamond. The results for beads using SDA 100+ and SDA 85+ tested at 30 ms-1 
were characterised by a number of diamond particles which exhibited extended 
wear flatting, which tended to reduce the wear rates. The findings however are 
consistent with wire sawing results in the field (57) where too high a cutting 
velocity for the material being cut causes extended wear flatting of diamond 
particles in beads. 
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All subsequent cutting rate and wear tests were carried out at 20 ms·1 (ignoring 
the velocity error referred to in Appendix 6). 
5.4.3 The effect of diamond grade on bead cutting performance and wear 
Data for the determination of bead cutting performance were obtained from 
measurements of the depth of the grooves cut into the circumference of the stone 
sample. Readings were taken after every two minutes of cutting and each test 
was terminated after 16 minutes. Bead indexing and water flow rates remained as 
set for the previous tests. The bead was weighed at intervals coinciding with 
cutting measurements. 
While an amount of variance exists with the cutting rate data for the three bead 
types (refer to Appendix 7), the plots of cumulative area cut vs. time, shown in 
Graphs 5.3.1 to 5.3.3 indicate typically linear trends. These trends imply constant 
tendencies in the cutting rates. Increased cutting rates were achieved at higher 
loads with the beads using the higher diamond grades which can be seen from 
the steeper gradients in Graph 5.3.3. The cutting rates of beads using SDA 100+ 
and SDA 85+ tended to reduce at lower loads as the tests progressed which was 
associated with progressive wear flatting of diamond particles on the surfaces of 
the beads. 
Graph 5.4 shows the averaged cutting rates for the three diamond grades over 
the range of applied loads. No meaningful differences in cutting rates are evident 
below 12 N, but a diverging trend for beads using SDA 100+ at higher loads can 
be seen, with higher cutting rates being exhibited. 
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Cumulative area cut for SDA 75+ 
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Graph 5.3.1 
Cumulative area cut for SDA 85+ 
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Graph 5.3.2 
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Cumulative area cut for SDA 100+ 
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Graphs 5.3.1 - 5.3.3 Cumulative area cut over elapsed time 
Graph 5.4 
Bead mean cutting rates for different diamond 
grades 
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Assuming that the distributions for the sets of results for bead cutting rates are 
normal and with the bead types being identical other than the diamond used, the 
Student t-test was used to determine significant differences in the dependent sets 
of data for each bead type. The Statistica computer software package was 
employed for the analysis of the data. 
Using a 95 percent confidence limit, the t-test analysis of bead cutting rates (see 
Appendix 10) is summarised in Table 5.1, where the marked values indicate the 
results which are significantly different at p < 0,05. 
Diamond 
type 
SDA 75+ 
SDA 85+ 
SDA 75+ 
SDA 100+ 
SDA 85+ 
SDA 100+ 
Table 5.1 
3N 6 N 9N 12 N 15 N 18 N 
load load load load load load 
p 0,024* 0,002* 0,368 0, 141 0,093 0,003* 
t 2,868* -4,788* 0,963 -1,657 -1 ,944 -4,478* 
p 0,251 0,053 0,069 0,007* 0,000* 0,000* 
t 1,251 -2,326 -2, 142 -3,752* -7,423* -9,730* 
p 0,517 0,002* 0,005* 0,054 0,003* 0,000* 
t -0,683 4,648* -3,970* -2,310 -4,480* -9,773* 
Student t-test results of diamond bead cutting rates where p is the level of 
significance and t is the variate for the t distribution 
Referring to Graph 5.4, the t-test analysis indicates that the cutting rates of beads 
using the highest and lowest diamond grades selected are not significantly 
different up to 9 N applied load. The cutting rates of beads become significantly 
different at higher loads. 
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The cumulative mass reductions for the three bead types tested are shown in 
Graphs 5.5.1 to 5.5.3 for the range of applied loads (see Appendix 8). The linear 
trends in cumulative mass reduction plots indicate constant tendencies in wear 
rates. Beads using SDA 75+ showed the greatest variation of mass reduction in 
relation to load, with higher loads substantially increasing the rate of mass 
reduction , indicated by the steeper gradients in Graph 5.5.1. The beads, in which 
diamond particles exhibited extended wear flatting at low loads, had low wear 
rates. 
Diamond bead mass reduction for SDA 75+ 
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Graph 5.5.1 
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Diamond bead mass reduction for SDA 85+ 
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The averaged bead wear rates for the three diamond grades over the range of 
applied loads are shown in Graph 5.6. Beyond 9 N load, a clear divergence 
between the averaged wear rates is evident, with beads using the lower grade of 
diamond exhibiting higher averaged wear rates. 
Mean wear rate (mg/min) 
120 ~---------------
100 
80 SDA 75+ 
-
60 SDA85+ 
-SDA 100+ 
40 
-
20 
3 6 9 12 15 18 
Normal load (N) 
Graph 5.6 Averaged diamond bead wear rates in relation to applied load 
Using the same criteria in the Student t-test, an analysis of bead wear rates was 
carried out (refer to Appendix 11) and the results are summarised in Table 5.2 . 
Diamond 3N 6N 9N 12 N 15 N 18 N 
type load load load load load load 
SDA 75+ p 0,292 0,009* 0,001* 0,000* 0,000* 0,000* 
SDA 85+ t 1, 141 3,620* 5,405* 6,711* 8, 190* 6, 176* 
SDA 75+ p 0,000* 0,000* 0,000* 0,000* 0,000* 0,000* 
SDA 100+ t 7,470* 9,214* 13,916* 9,343* 16,214* 17,830* 
SDA 85+ p 0,006* 0,006* 0,000* 0,001* 0,000* 0,002* 
SDA 100+ t 3,904* 3,832* 8, 167* 5,933* 8,309* 4,631 * 
Table 5.2 Student t-test results of diamond bead wear rates 
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The wear rates for the three bead types are significantly different above 3 N load, 
as indicated by the diverging trend of average wear rates over the load range 
tested (see Graph 5.6). 
By combining the cutting and wear data, the specific wear rate (mass loss of the 
bead per unit in area cut) and the productivity, the inverse of specific wear rate, 
can be evaluated (refer to Appendix 9) . The specific wear rates of the beads in 
Graph 5. 7 show similar div~rging trends to the averaged wear rates shown in 
Graph 5.6, with a rapid rise in specific wear associated with load increase. The 
corresponding bead productivity plots in Graph 5.8 show a rapid reduction in 
bead productivity down to low levels as the cutting rate rises. 
Specific wear rate (mg/cm2) 
12 ~~~~~~~~~~~~~~~~~ 
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Graph 5.7 Diamond bead specific wear rates in relation to applied load 
84 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
Productivity (cm2/mg) 
7 
6 
5 
4 
3 
2 
0 5 10 15 
Cutting rate cm2/min 
Graph 5.8 Diamond bead productivity vs. cutting rate 
5.5 Discussion on diamond bead performance 
20 
• SDA 75+ 
e SOA85+ 
+ SOA 100+ 
The results from the single bead tests have shown that diamond bead wear is 
sensitive to applied load, characterised by accelerated wear as the load is 
increased. The choice of diamond product has an influence on bead wear rate, 
with higher quality diamond significantly reducing bead wear. This becomes 
increasingly apparent at higher loads. A relationship exists between bead wear 
rate and diamond particle strength as defined by the diamond classification 
indices (Figure 1.4). At low loads there is a greater tendency for higher quality 
diamond to exhibit extended wear flatting which reduces the cutting rate as the 
bead becomes progressively blunt. 
Bead cutting rates increase with load and at higher loads it was found that higher 
quality diamond tends to produce higher cutting rates. High cutting rates are 
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however at the expense of high wear rates, shown by a rapid fall in the 
productivity of the bead. The specific wear and productivity attributed to the 
beads tested, have shown similar trends to reported field results and laboratory 
tests (54). 
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CHAPTERS 
THE MEASUREMENT OF DIAMOND WIRE ROTATION 
6.1 Diamond bead ovalisation 
In order to achieve concentric wear of bonded diamond wires, where the beads 
are fixed to the wire cable, it is necessary for the wire to rotate about its polar axis 
during operation. Uneven wear occurs when a certain bead orientation becomes 
favoured during cutting, which results in an area of preferential wear of the bead's 
diamond matrix. Wire samples collected from the field have indicated that once 
ovalisation starts, it progressively spreads to a number of adjacent beads along 
the length of the wire as the wirn is used. Plate 6.1 shows an end view of one 
bead exhibiting concentric wear and one which has ovalised. 
Plate 6.1 End view of diamond wire beads showing concentric wear and ovalisation 
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6.2 The measurement of bead rotational torque 
The bead testing apparatus discussed earlier was used to measure the torque 
required to rotate a single diamond bead under a range of applied loads. 
Measurements were made with the bead cutting a sample of Rustenburg gabbro 
a speed of 20 ms-1. The results are given in Appendix 12 and plotted in Graph 
6.1. 
Graph 6.1 
Torque (N.mm) 
25 .---~~~~~~~~~~~~~~~~---,.~ 
20 
15 
10 
5 
0 ~~-'-~--'-~---'~~...._~--'-~--'-~~....___~~ 
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15 20 
Rotational torque vs. applied load for a single diamond bead 
It can be seen that the torque required to rotate the bead is linearly dependent on 
the applied load. With the dependence of cutting rate on applied load (Graph 
5.4), it follows that an increasing torque will be required to rotate the bead as the 
cutting rate is increased. 
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6.3 The measurement of diamond wire rotation 
6.3.1 Free rotation of diamond wire 
Tests were carried out on a stationary wire saw on two 20 m lengths of diamond 
wire, one with injection moulded spacers and the other with vulcanised rubber 
spacers. Measurements of wire rotation were made with the diamond wire 
mounted onto the saw but clear of the material to be cut. Wire movement was 
induced by rotating the machine's pulleys by hand. A mark which was made on 
the spacer between two beads was followed through a number of cycles of the 
wire loop and the rotation measured. The results are given in Table 6.1. 
Diamond wire Bead diameter Wire cycles per Direction of 
type (mm) revolution (360 °) rotation along 
direction of travel 
Vulcanised rubber 11 ,6 16 ccw 
Injection moulded 9,8 6 ccw 
plastic 
Table 6.1 Free rotation of different diamond wire types 
From the table it can be seen that the wires rotate slowly in a counter clockwise 
direction viewed along the direction of travel. The direction of rotation was found 
to correspond to the offset attitude of the machine's pulleys. The smaller bead 
diameter on the wire with injection moulded plastic spacers would contribute to its 
higher rotation rate (fewer cycles of the wire loop per revolution of the wire) as 
the bead would require more revolutions to travel the same linear distance 
compared to the larger diameter bead (see Figure 1.7) . Any torque effects 
induced by the lay of the cables under tension were not measured. 
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To study the effects of pre-twisting, the vulcanised wire was repeatedly installed 
with different amounts of twist, and measurements taken of its rotation. The 
results are given in Table 6.2. 
Twists per 20 m length Wire cycles per 
revolution (360 °) 
0 16 
20 16 
60 16 
Table 6.2 Diamond wire rotation vs. wire twists 
A 20 m length of vulcanised wire was twisted as much as 60 times, however no 
difference in the rate of rotation could be detected. 
6.4 Dynamic measurements of diamond wire rotation 
When considering the dynamic measurements of diamond wire rotation, the use 
of close proximity inductive or magnetic devices for the rotation measurement 
were discarded in favour of optical techniques. The measurement of the free 
rotation of diamond wire on a stationary wire saw has shown that the wire rotates 
slowly in a particular direction which makes wire rotation measurement at a single 
reference point feasible. 
6.4.1 Measurements using a stroboscope 
The rotation of the vulcanised diamond wire, sawing a stone block at 20 ms -1 
velocity on the stationary wire saw, was successfully measured with a 
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I 
stroboscope and a video camera (see Plate 6.2) using a shutter speed of 800 
frames per second. A target made from reflective tape in a step pattern, shown in 
Figure 6.1 , was adhered to the rubber spacer of the vulcanised wire. A leader 
mark of one metre was painted onto the wire just ahead of the target to assist with 
video editing (see Plate 6.3). 
Plate 6.2 Diamond wire rotation measurement using a stroboscope 
Although the video images were clear, there was a problem with synchronising 
the stroboscope with the target at the frequency of approximately one Hertz. 
Techniques of synchronising the strobe by using a trigger point on the wire were 
considered but these ideas were discarded in favour of high speed imaging. 
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6.4.2 High speed video imaging 
A NAC HSV 200 high speed video system, incorporating a camera, a tape drive 
unit, a monitor and a synchronised stroboscope (see Plate 6.4) proved suitable 
for the analysis of diamond wire rotation. At a wire speed of 20 ms-1, a shutter rate 
of 200 frames per second provided good image quality with a target position 
resolution of 100 mm. 
The vulcanised diamond wire was inspected to ensure that no beads were 
ovalised which would influence the results. Tests were carried out on a syenite 
granite block of 1,5 m in length at cutting rates of 0, 75, 1,5 and 2,25 m2h-1. 
Rotation was observed just before the wire entered the block as the orientation at 
this point would have a large influence on the bead orientation in the cut. The 
video sequence for each test was edited to capture the target for every cycle of 
rotation of the diamond wire. The results of the diamond wire rotation tests are 
shown in the photographic sequences in Appendix 13 and summarised in Table 
6.3. 
Sequence Cutting rate Machine feed rate Wire cycles per Direction of 
(m2h-1 ) (mh-1 ) revolution (360°) rotation 
1 0,75 0.5 20 ccw 
2 1,5 1 39 ccw 
3 2.25 1,5 no wire rotation none 
Table 6.3 Diamond wire rotation at different cutting rates on a stationary wire saw 
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Plate 6.3 Target on the diamond wire for the measurement of rotation 
Bead 
Figure 6.1 Developed section of diamond wire showing the target point for video imaging 
93 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
Plate 6.4 Diamond wire rotation measurement using high speed video equipment 
The target pattern for sequence 1 at 0,75 m2h-1 cutting rate shows that the 
diamond wire rotates in a counter clockwise direction viewed in the direction of 
travel, once every 20 cycl s of wire movement. Sequence 2 at 1,5 m2h-1 cutting 
rate shows that the diamond wire rotates by a third of a revolution after 13 cycles 
and sequence 3 at 2,25 m2h-1 cutting rate shows that no wire rotation takes place. 
Repeated tests showed little change in wire rotation at the cutting rates 
considered. 
A bead sample was taken from the wire after completing the tests at 0,75 m2h-1 
cutting rate and the surface wear was assessed (see Plate 6.5). 
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Plate 6.5 Typical wear pattern of a bead 's surface after cutting syenite granite at 0,75 
m2h·1 on a stationary wi re saw 
A linear wear pattern is evident on the bead's surface which is orientated axially 
in the diamond wire's direction of travel. 
6.5 Discussion on diamond wire rotation 
The diamond wire rotates about its polar axis only partially every cycle in 
stationary wire sawing which translates into a small angular movement of the 
bead over the material length being cut. This is verified by the axial wear pattern 
of the bead's surface shown in Plate 6.5. It could also be possible that no angular 
movement of the bead takes place during cutting which places great importance 
on the bead's orientation as it enters the cut. It is expected that the amount of 
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rotation is dependent on the system's pulley set-up and therefore diamond wire 
rotation will vary to an extent from machine to machine. 
As the cutting rate increases, the amount of wire rotation per cycle reduces and 
at a point, the resistance to rotation offered by the cut overcomes the torque 
applied to the wire and the wire stops rotating. Obviously under these conditions 
the diamond beads would start to ovalise. The pre-twisting of the wire 
recommended by some diamond tool manufacturers (57) does not in itself cause 
the wire to rotate about its polar axis as the clockwise moment induced by 
twisting at one end of the wire equals the anticlockwise moment viewed from the 
other end and are in equilibrium when the wire is joined. 
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CHAPTER 7 
CONCLUSION 
7.1 Concluding discussion and recommendations 
It has been established through the literature survey that diamond particles in the 
matrix of a diamond tool exhibit various wear states, culminating in their eventual 
breakdown. The wear progression is dependent on the diamond strength and the 
conditions encountered during cutting. A free cutting action is achieved when a 
suitable wear balance occurs between the diamond and the bond, allowing the 
various wear states to take place. The wear states of diamond particles in 
diamond wire bead matrices were investigated by the author. The investigation 
has shown that the diamond and matrix wear characteristics are similar to those 
occurring in other diamond tools. 
The life of a diamond tool is dependent on the workpiece material and a number 
of tests have been developed by researchers to measure the properties of stone 
which affect the tool 's performance. The sawability and abrasivity tests were 
selected by the author to evaluate the life of diamond wire in different stone 
workpiece materials. This study has indicated that the sawability test is 
sufficiently reliable for the prediction of diamond wire life, however the abrasivity 
test was inconclusive. 
Notwithstanding the above, consideration should be given to the abrasivity of 
stone influencing the wear of the bond matrix, which is not adequately taken into 
account in the sawability test. A testing method which approximates wire sawing 
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more closely, by taking into account the load cycles experienced by the beads 
and the effects of the stone abrasivity and the debris in the cut, would provide a 
more complete assessment. 
Results of laboratory tests and field trials of diamond wire sawing of various stone 
materials have appeared in the literature. Cutting rate and load measurements 
have predominantly been based on the cutting performance of a length of 
diamond wire and bead wear on their diametrical reduction. Single diamond bead 
testing has been developed to provide a more accurate means of evaluating the 
cutting performance and wear of diamond wire beads. The author has used this 
method to evaluate the effects of diamond grades on diam nd wire performance. 
It has been found that bead wear is sensitive to diamond grade, with higher 
grades experiencing the least wear. Cutting rates also improve with a higher 
grade of diamond when higher loads are applied. 
The single bead testing method proved suitable in evaluating the performance of 
beads using different diamond grades. However cyclical variances in the wear 
and cutting data were encountered, which was amplified by the load application 
mechanism of the apparatus. The quality of data for the assessment of bead wear 
and cutting rates could be improved with an apparatus for permanent laboratory 
use, by providing damping to the loading mechanism or by filtering the associated 
electronic output signals. 
It is essential for the diamond wire, incorporating bonded spacers, to rotate about 
its polar axis during operation to ensure even bead wear. In work carried out by 
the author, diamond wire rotation has been measured using a stroboscope and a 
video camera and with high speed video equipment. It was found that the wire 
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rotation decreases with increasing cutting rate to the point where no wire rotation 
takes place, which explains the ovalised wear patterns often found on beads in 
the field . 
The high speed video system was found to be suitable for the, analysis of 
diamond wire rotation in the stationary wire sawing application but could have 
limitations in a quarrying environment. Based on the success of diamond wire 
rotation measurement with a stroboscope and video camera, it is believed that a 
sufficiently robust system could be developed for field use. 
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APPENDIX 1 
Relationship between sieve size and the number of diamond particles per carat 
Sieve size Theoretical FEPA Size Approx. 
No. sieve No. No. of 
US Mesh opening stones per 
micron carat 
18 1 000 
01001 110 
20 841 
0851 180 
25 707 
0711 310 
30 595 
0601 510 
35 500 
0501 860 
40 420 
0426 1 450 
45 354 
0356 2450 
50 297 
0301 4100 
60 250 
0251 6 900 
70 210 
0213 11 600 
80 1n 
0181 19 500 
100 149 
0151 32800 
I 120 125 
0126 55 200 
140 105 
0107 93 000 
170 88 
091 156 000 
200 74 
076 262 000 
230 63 
064 441 000 
270 53 
054 742 000 
325 44 
046 1250000 
400 37 
Source: De Beers products chart 
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APPENDIX4 
Standard formulae for a circular segment 
Length of circular arc 
1- n·r·a 
- 180 
Radius of circular arc 
c2 +4h2 
r= Sh 
Area of circular segment 
r · 1- c(r-h) 
A= 2 
Source: Machinery's Handbook, 23 rd ed.,lndustrial Press, New York, 1988 
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APPENDIX 5 
Relationship between normal and tangential forces on diamond beads 
Fn (N) Ft (N) 
0 0.00 
3 0.13 
6 0.82 
9 0.99 
12 1.10 
15 1.89 
18 2.64 
Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 
X Coefficient(s) 
Std Err of Coef. 
Ln I Lt 
0.126117 
0.008959 
0 
0.256402 
0.924646 
7 
6 
7.929132 
where 
Fn is the measured normal force on the bead 
Ft is the measured tangential force on the bead 
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APPENDIX 6 
Effects of cutting velocity on bead wear at 9 N applied load 
Cutting SDA 75+ SDA 85+ SDA 100+ 
velocity Cum mass Wear rate Cum mass Wear rate Cum mass Wear rate 
mis loss mg mg/min loss mg mg/min loss mg mg/min 
15 173.1 10.82 113.7 7.11 68.1 4.26 
20 129.7 8.10 93.4 5.84 52.2 3.26 
25 146.3 9.14 79.0 4.94 44.5 2.78 
30 128.6 8.04 72.1 4.51 48.6 3.04 
Data collected after a cutting period of 16 minutes 
Velocity error resulting from increasing depth of cut 
Stone Depth of Cutting Linear Percentage Percentage 
sample cut diameter cutting error error 
diameter velocity at of 20 mis of initial 
mm mm mm 970 rpm velocity 
412 5.5 401 20.37 -1 .83 0 
412 6 400 20.32 -1 .58 -0.25 
412 6.5 399 20.26 -1.32 -0.50 
412 7 398 20.21 -1.07 -0.75 
412 7.5 397 20.16 -0.82 -1.00 
412 8 396 20.11 -0.56 -1.25 
412 8.5 395 20.06 -0.31 -1 .50 
412 9· 394 20.01 -0.05 -1.75 
412 9.5 393 19.96 0.20 -2.00 
412 10 392 19.91 0.45 -2.24 
412 10.5 391 19.86 0.71 -2.49 
412 11 390 19.81 0.96 -2.74 
412 11.5 389 19.76 1.22 -2.99 
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APPENDIX 12 
Relationship between normal force and rotational torque of diamond wire beads 
Fn (N) Fq (N) T (Nmm) 
0 0.00 0.00 
3 1.80 4.50 
6 2.44 6.10 
9 4.38 10.95 
12 6.30 15.75 
15 7.30 18.25 
18 9.40 23.50 
Shaft Diameter (mm) = 5 
Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 
X Coefficient(s) 
Std Err of Coef. 
1.263004 
0.029535 
0 
0.845233 
0.989746 
7 
6 
where 
Fn is the measured normal force on the bead 
Fq is the measured force to rotate the bead 
T is the calculated torque to rotate the bead 
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APPENDIX 13 
High speed video sequence 1 of diamond wire rotation at 0,75 m2h-1 
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APPENDIX 13 
High speed video sequence 2 of diamond wire rotation at 1,5 m2h-1 
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APPENDIX 13 
High speed video sequence 3 of diamond wire rotation at 2,25 m2h-1 
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